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Targets

Action needs to be taken now by managers of both existing and new hospitals if energy reduction
targets are to be met as part of the Government’s wider agenda regarding sustainability and energy
efficiency.

The target is that by 2005/2006 building energy consumption associated with Government facilities will
be 15% less on a square metre basis than the benchmark year of 1999/2000.

Framework

This report identifies a range of strategies which can be applied to hospitals to help meet this target.
The report also includes an energy consumption modelling tool to guide users and to help decision
making.

It is recognised that there will need to be a substantial injection of funds for upgrades and the like ($25
to $35 million plus across the health portfolio).

Similarly, it is expected that budget savings will be retained by hospitals and redirected into new
energy reduction initiatives as part of a continuous improvement program.

Process

Reducing energy consumption is more than simply turning off lights.  A broad range of initiatives have
been identified in this report covering not only lighting but also cooling, general power, domestic hot
water, maintenance and awareness programs.  There are things that can be done by both the agency
(specific projects) and staff (behaviour and training).  Many are low cost and straight forward.

It is intended that hospitals adopt a focussed approach to energy reduction including the basics of:

•  undertaking an analysis of usage with comparisons to Key Performance Indicators (KPI)’s and
benchmarks

•  auditing, measuring and reporting on current usage
•  understanding existing systems and ensuring they operate correctly

This study will assist in finding target areas for action and the model will help in the examination of
options.  Initial indications suggest that the best opportunities for a sound return on investment include
optimising the operation of existing systems, focusing on reducing energy consumption associated with
lighting systems and promoting staff awareness.

To help ensure the benefit of implementing energy saving measures are maintained, each hospital
should set in place methods for recording and analysing energy usage.  The ‘Energy Efficient
Government Buildings’ document requires that each hospital appoint an energy manager, and that
they be responsible for these tasks.

However, it is recognised that assistance may be required to further analyse and implement initiatives
and hospitals are encouraged to use suitable technical resources as appropriate.  This may include
consultants, contractors, suppliers, facility operators as well as specialist services offered by
Government and non Government agencies.

Executive Summary
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1.1 Analysis
Energy usage data provided by the DHS was analysed to produce an ‘average’ DHS hospital upon
which evaluation of energy savings could be made.  Anecdotal information provided by hospital staff
and from experience with previous hospital projects allowed judgments to be made when evaluating
this data.

The most notable finding that arose from this analysis was the variations in energy usage patterns
across the portfolio.  The variations could be due to the age and condition of the building and
infrastructure as well as differences in how facilities are designed, used, operated and/or maintained.
Regardless, this is a critical issue as it means that no one energy management solution suits all
hospitals.  Whilst it is possible to make some broad statements about where the greatest percentage of
energy goes, and hence where the greatest potential savings can be made, it is important that this
information is interpreted correctly.

1.2 Consultation
The key issues arising from the consultation with hospital staff was that there is no consolidated
approach to energy saving measures across the DHS portfolio.

Similarly it was clear there was a need for hospitals to analyse energy usage: that is to audit and
monitor consumption as well as report regularly on this issue.  Also it was apparent that significant
savings could be gained by simply making sure systems were set up and operated as was originally
intended.

Regarding the design and construction of new or refurbished facilities, it was often the case that the
first items to be deleted during ‘cost cutting’ exercises are the energy saving elements of the design
especially the more passive elements such as solar and the like.

It is apparent that asset and facility management requirements need to be included into design briefs
together with a clear perspective on the need for energy efficiency.

It was also apparent that Hospital staff had implemented a number of energy saving initiatives, and
these generally varied with the training and enthusiasm of the staff involved, rather than being a part of
high level strategic process.

A summary of the consultation, including responses, in regard to each of the applications notes is
provided later in this report.  An outline of the consultation format is provided in Appendix E.

1.3 Application Notes and Energy Model
Energy savings that can be achieved by implementing various measures are outlined in a series of
Application Notes developed as part of this report.  However the success of these measures depends
greatly on the hospital being considered and the way in which it uses energy.  Therefore an Energy
Model was developed to which the details of a specific hospital can be applied using the results of the
analysis undertaken as part of this report.

The model provides a framework to help hospitals understand how they use energy and what impact
various energy saving measures can have.

The key issue arising from the development of the Application Notes and Energy Model is that there is
some risk hospitals may not achieve predicted or expected targets because: -

1. Key Issues and Findings
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•  a hospital selects an energy saving measure that is not applicable to their site.
•  the data in the Energy Model does not accurately represent the hospital being analysed

This issue was addressed in the following way:

•  The application notes clearly outline the key considerations for each energy saving measure,
and identify those sites for which the measure would be applicable.

•  The model was constructed so that the user can view all inputs being used, and can vary these
inputs so that their particular site is more accurately represented.

The Application Notes and model are summarised later in this report, and are provided in the
Appendices.
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2.1 Consultation process:
Connell Wagner are grateful to the following individuals from Hospitals that participated in the
consultation process:

•  Peter Forster – Alfred Hospital
•  Paul Garbett – Austin & Repatriation Hospital
•  Ray Isaac – Ballarat Base Hospital
•  Rob Nicholls – Ballarat Base Hospital
•  Jeremy Bowler – Geelong Hospital
•  Neil Allen – Mansfield District Hospital
•  Ray Reynolds – Monash Medical Centre
•  Jim Cozens – North East Health, Wangaratta
•  Howard Bulmer– Peter McCallum Cancer Centre, East Melbourne
•  Henk DeDeugd – Royal Children’s Hospital
•  Cecil d’Cruz – Royal Melbourne Hospital

The enthusiasm of the following DHS staff drove this study
•  Paul Rogers – DHS
•  Ben Gelnay – DHS

2.2 Institute of Hospital Engineers Australia Victorian Chapter, Energy Sub-committee:
The study was initiated by DHS in partnership with The Institute of Hospital Engineers (IHEA) Victorian
Chapter, Energy Sub-Committee who also participated in the consultation process.  The IHEA energy
sub-committee members are:

•  Neil Allen
•  Jeremy Bowler
•  Jim Cozens
•  Cecil D’Cruz
•  Paul Garbett
•  Bruce Gilpin

2. Acknowledgment
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3.1 Background
3.1.1 DHS Mission
The Department of Human Services is responsible for a wide range of services to diverse client
groups across Victoria.  The principal function of the Department is to ensure the delivery of a
range of health, housing and community services.

The Department of Human Services’ Mission Statement is:

“To enhance and protect the health and well being of all Victorians, emphasising
vulnerable groups and those most in need”.

3.1.2 Government Policy
Environmental performance is a key objective of the Government’s vision for Victoria and is set
out in the document ‘Growing Victoria Together’. Government leadership in the area of
environmental performance is seen as a critical element in driving the adoption of sustainability
more widely in the Victorian community.

In the “Better Cities” policy statement of 1999, the Government established energy targets for
government buildings including:

•  Savings of 15% in energy consumption to be achieved by all DHS/hospital sites over the
next 5 years (taking 1999/2000 as the base year).

•  All DHS sites, excluding hospitals, to purchase a minimum of the power supply from
10% green (that is renewable) sources.

3.1.3 DHS Strategy
To address Government Policy and the issues of sustainability, the Department of Human
Services is establishing a strategic approach to energy management.  The principal imperatives
are:

•  recurrent cost management
•  greenhouse gas reduction
•  security of supply and risk management
•  contestable energy purchasing

Last year the energy consumption of the Department and funded agencies was reported as
follows:

Year: 2001-2002 Consumption Cost
Custodial Facilities 33, 500 GJ $0.4M
Hospital & Aged Care Facilities 4, 896, 200 GJ $50.7M
Office Accommodation 78, 800 GJ $2.6M
Total 5, 008, 500 GJ $53.7M

The energy consumption of the Department and its funded agencies is approximately 60% of
the total energy consumed by the State government.  The report does not include energy
consumption information associated with residential (public housing) units, small-scale facilities
employing fewer than 10 persons and transportation.

3. Introduction
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3.1.4 Study Objectives
Energy is an essential input for the delivery of the Department’s services and operations.  The
energy requirements are provided in a number of forms.  DHS has always addressed aspects of
energy management, most notably:
•  cogeneration
•  building energy management systems
•  contestable electricity supply negotiation
•  building energy efficiency into new Capital Works

However, the approach has tended to address individual elements and there are now a number
of drivers which compel the Department to consider energy management in a more integrated
fashion.

The main objective of this study is to identify cost effective energy saving measures that when
applied to hospitals and age care facilities will help achieve the energy reduction targets
stipulated by Government policy and as set out in ‘Energy Efficient Government Buildings’.

A supplementary objective is to provide technical information to equip individual hospitals to
determine which energy savings measures are more suitable to them, and how to implement
these.

The key elements of the study are as follows:
•  Identification of cost effective energy saving measures for hospitals.
•  Determination of energy consumption and cost savings expected to arise from the

measures.
•  Determination of the investment required to implement measures and the return on

investment.
•  Identification of other operational benefits arising from the measures.
•  Provision of application notes for implementation of energy saving measures.
•  Model of hospital energy consumption, identifying energy end use and cost.

3.2 Methodology
The methodology for the HERO study, consisted of 3 phases as follows:

(a) Collection of data
•  Existing reports
•  Results from consultation
•  Connell Wagner’s own experience
•  Advice from DHS

(b) Analysis
•  Identification of opportunities
•  Evaluation of options
•  Development of application notes
•  Development of model
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(c) Presentation
•  Project control group meetings with the DHS
•  Presentation to and review of draft information by DHS and Institute of Hospital Engineers

Australia, Victorian Chapter Energy Sub-committee
•  Seminar presentation

This process is presented diagrammatically in Appendix A:

3.3 Audience
The primary audience of the HERO study is executive and finance officers from both hospitals and
Government.  The study discusses the investment in capital and time required to achieve energy
consumption reductions.  The study also discusses the financial return on investment and other
benefits including improved amenity and reliability.

The HERO study will also assist engineering and asset managers.  The study aims to capture best
practice energy management strategies for implementation at a wide range of sites.
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The following is a summary of some previous studies into energy reduction strategies.   A complete list
of those resources, which were reviewed throughout the HERO study, is provided in  Appendix D:

(a) AR/M Austin Campus Energy & Water Audit

This is a four part document covering the following:

•  summary
•  central plant and systems
•  buildings
•  detailed data

The audit focuses on the following objectives:

•  establishing current energy use
•  identifying areas of cost effective savings for further analysis
•  establishing performance targets
•  breakdown of consumption into equipment type, functional area, and the like.

(b) AR/M Project Environmental Workshop

The purpose of this workshop was to:

•  highlight current innovations and case studies to the project team
•  review the issues identified by the audit described above
•  develop project team policies and priorities in relation to energy and the environment.
•  identify potential sources of funding.

(c) SEAV Model Building Energy Brief and Technical Specifications

The Building Energy Brief is written for clients, project managers and developers to procure the
services of architectural and engineering teams to deliver energy efficiency solutions as part of their
consultancy services.  It is the intention that the Technical Specifications assist commercial building
consultants in specifying energy efficient building elements, plant and systems.  The specifications are
supplementary to the ‘Building Energy Brief’.

(d) Sustainable Development in the NHS

This document gives National Health Service Estate (UK) Environment Guidelines and supporting case
studies.  It provides information that can help in the consideration of sustainable development during
estate planning, design, construction and operational activities.  This document provides case studies,
which show how hospitals, clinics and other non-healthcare organisations have applied these
techniques, and the benefits they are receiving from them.

4. Summary of Previous Studies
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During 2001-2002, DHS in conjunction with the Construction Industry Institute of Australia,
commissioned the “Benchmarking Energy and Asset Performance in Victoria Public Hospitals” study,
which is referred by the DHS as the ‘CII report’.

The report was based on 53 replies received from the hospitals surveyed regarding energy usage.
The results highlighted the diversity of energy consumption across hospitals ranging from around
1.0GJ/m2 to around 4.0GJ/m2, with some hospitals substantially higher.

From the CII report, the following data was available for each hospital:

•  total electrical energy usage
•  natural gas, LPG, fuel oil and briquettes energy use
•  floor areas based on eight functional areas.

For the HERO study, the various functional areas of a hospital have been combined into four area
types on the basis of similar energy usage patterns.  The functional area types are as follows:-

•  General Wards/In-patient
•  Clinical/Specialist/Day Treatment
•  Administration/Education/Commercial
•  Infrastructure/Miscellaneous/Other

These functional areas are further defined as follows.

General Wards/Inpatient:
•  Medical/Surgical Inpatient
•  Paediatric Inpatient
•  Psychiatric Inpatient
•  Aged Residential
Clinical /Specialist
•  Accident & Emergency
•  Ambulatory Care
•  Cardiology
•  Coronary Care
•  Food Services
•  Medical Imaging
•  Obstetrics
•  Operating Suite
•  Radiotherapy
•  Sterile Processing Services
Day Treatment
•  Allied Health
•  Day Surgery Unit
•  Endoscopy Unit
•  Pathology/Mortuary
•  Pharmacy
Miscellaneous
•  Child Care Centre
•  Community Health Care

Administration
•  Administration
•  Domestic Services
•  Information Services
•  Linen Services
•  Public Amenities
•  Residential Accommodation
•  Staff & Public Amenities
•  Supply Services
Infrastructure
•  Structure/Shell/Building Fabric
•  Site Engineering Services/Central Plant
•  Plant
•  Trunk Reticulated systems
•  Circulation/Travel
Education & Research
Commercial
•  Private Hospital
•  Kiosk/catering
•  Consulting Suites (Private)
•  Carparks (Private)

5. Analysis of Energy Usage Patterns
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The electricity and gas usage for each functional area type was derived from solutions to simultaneous
equations using Gaussian elimination.  Recognising the degree of variation between the different
hospitals and the base data, the energy usage for the functional areas has been taken as the average
of around half of the results.  The results selected have been based on the frequency with which
hospitals appear in the solution data set, highlighting the degree of variance within the CII data.

The averaging process described above appears to have provided reasonable results for the generic
model, and could be used as a benchmark as part of a detailed analysis of a particular hospital.
However, it must be recognised that each hospital has unique characteristics such as operational
patterns, age and condition of asset, energy efficiency and climatic conditions, all of which should be
taken into consideration when analysing a specific hospital.

The way in which this data is used in the energy model and application notes is described in the
relevant sections of this report.
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(a) Introduction
Whilst a significant proportion of information used for the study was sourced from existing DHS
data, and Connell Wagner’s own resources, it was considered important that the anecdotal and
operational experience of hospital engineering staff be used to aid and guide the study.

To this end, a consultation in the form of a face to face discussion of one to two hours duration
with key staff took place at a number of hospitals within the Department’s portfolio.  Key issues
and questions were distributed prior to the interview.  (Refer Appendix E).

The hospitals included a mix of Melbourne based and regional facilities each offering different
services that could range from acute and emergency to elderly persons units and the like.

(b) General Observations
It was a universal theme that energy efficiency was not felt to be a high priority in terms of
management focus nor, necessarily, in the design of new and refurbished facilities as cost
overruns appeared to be addressed by deferring energy saving initiatives.

Similarly there was a feeling that funding for energy efficiency initiatives was difficult to secure.

However this did not mean there was no activity in the area of energy efficiency.  Rather, in a
number of cases, enthusiasm at an engineering level meant an ongoing program (usually a
series of minor works) of energy efficiency improvement.  Given that the improvement works
were more the initiative of key individuals rather than a focussed high level management
strategy, the actual works being undertaken tended to reflect the interest and/or skills of the
individual involved.  Hence some hospitals may focus on say lighting upgrades and others on
modifying or rectifying mechanical services controls.

Generally there is little long term energy monitoring at a facility level or “utility meter” level.
Although in several facilities energy usage at a “central plant” level is in place and being
monitored.  In several local upgrades an allowance has been made for submetering.

It appeared that energy usage and the impact of efficiency improvements was difficult to
analyse because patterns of usage change as facilities are added, refurbished or modified and,
as new clinical equipment is installed, overall demand for energy increases.

Also, it was noted that some hospitals were looking to, and using, third party providers to fund
and deliver both central plant energy and energy efficiency initiatives.  This is a trend that is
worth monitoring.

Another distinction between hospitals was that some had a preference for decentralised plant
whereas others were committed to centralised facilities.  Those who preferred decentralised
plant made reference to standing and distribution losses and in particular the difficulties with
steam systems as distinct from heating hot water.  Whereas those who were committed to
centralised facilities spoke about making what they had work as efficiently as possible.

6. Consultation
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(c) Comments on Proposed Initiatives
Each of the hospitals were asked to comment on various energy efficiency initiatives.
Responses relating to the initiatives addressed in this study were as follows:-

(i) Control System Maintenance
Those hospitals that specifically focused on upgraded controls maintenance and the like,
anecdotally report significant improvements in performance and energy efficiency.
Reference was also made to the need for staff to be committed to ongoing monitoring
and maintenance.

(ii) High Efficiency Motors
This was not generally discussed or raised by engineering staff.

(iii) Heat Recovery System (Air Handling)
The importance and value of air side heat recovery was generally acknowledged but the
cost and spatial impact of retrofitting such facilities appeared to be the major barrier to
implementation.  Also it was noted that operating theatres (where there is significant
opportunity for heat recovery) had high availability requirements which means they could
not readily be taken off line for retrofit works.

(iv) Low Flow Tapware
There was one anecdotal incident where inappropriate low flow tapware was replaced
with older style fittings because the “patients did not get wet enough”

(v) Lighting Control
There was general agreement that suitable lighting controls would provide energy
savings.  However there was no single best practice being acknowledged.  Comments
were made suggesting that automatic controls and occupancy sensors were the best
approach.  Others said that staff complained about areas being “too dark” and others
questioned the cost effectiveness of retrofitting automated lighting controls as distinct
from manual switches.

(vi) Lighting Efficiency
Where engineering managers had analysed the benefits of improved lighting efficiency,
they were generally enthusiastic about it.

(vii) Mixed Mode/Neutral Ventilation
Hospitals, particularly those in urban areas, had some hesitation in embracing mixed
mode/natural ventilation because of the impact on indoor air quality and the need for
infection control as well as stakeholder expectations regarding the provision of air
conditioning.  However for residential and low intensity spaces, the value of mixed mode
and natural ventilation was acknowledged.  One hospital made the observation that
older people preferred a “breeze” to “air conditioning”.

(viii) Outside Air Economy Cycle
This was generally discussed in the context of making sure controls worked effectively.
A comment was made that outside air economy cycles were “business as usual” rather
than being an “energy efficiency” initiative.

(ix) Power Factor Correction
Where this was being implemented or considered, it was either for capacity or power
quality reasons.  Although the energy efficiency benefits were acknowledged.
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(x) Staff Awareness
This was seen as being useful although there were concerns about long term
effectiveness and the most appropriate way of implementing a staff awareness program.
Two interesting comments were that an all staff email to reduce power demand (due to
the electrical load reaching the installed capacity) worked well.  Secondly was one that
staff awareness includes getting engineering maintenance staff to “sign on” to energy
efficiency.

(xi) Variable Speed Drives on Fans
There was not a great deal of discussion on this issue although the advantage of
reduced speed operation of fans serving operating theatres during standby mode was
acknowledged.

(xii) Variable Speed Drives on Pumps
This had been implemented with some success.  However in one case reliability
problems had necessitated their removal.

(xiii) Solar Hot Water
The comment was made that when solar hot water was proposed for a new facility or
similar, it seemed to be one of the first items deleted in cost cutting exercises.

(xiv) Decentralisation of Plant
In general the advantage of decentralised plant is recognised notwithstanding the fact
that small packaged air conditioning system can be inefficient in the long term.  However
it was acknowledged that where centralised facilities are in place then there is merit in
making them as efficient as possible.  One comment was made that water should be
centralised and air should be decentralised.  There was also a number of comments that
decentralised domestic hot water was often preferable to one reliant upon a distributed
steam system
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In order to meet the key objectives of the HERO study project, an energy usage model was developed,
which incorporated the following aspects of the study:

•  Energy consumption
•  Energy end use and cost
•  Annual business as usual (BAU) escalation rates for both energy consumption and cost
•  Cost effective energy saving measures for hospitals
•  Energy consumption and cost savings expected to arise from measures
•  Investment required to implement measures, given the maximum acceptable payback period.

The model is in the form of an advanced Microsoft Excel spreadsheet.  The spreadsheet has been
given a user interface such that the user can navigate through the model, and select different options
with control buttons.  All calculations are hidden, and protected to ensure the integrity of the formulae,
and to make the user interface as ‘friendly’ as possible.

7.1 Features
The model incorporates the following when analysing energy usage:
•  Different fuels used (electricity, natural gas, LPG, briquettes, etc)
•  Energy end use (lighting, heating, air conditioning, etc)
•  Different functional areas (ward, theatre etc)
•  Greenhouse gas emissions

As described in the ‘Analysis of Energy Usage Patterns’ section of the report, the data used to
construct the model is based on the CII report, which shows that there are great variations in energy
usage across the DHS portfolio.  For this reason the energy model has been constructed with the
‘average’ data as default, and the user has the option of ‘overwriting’ this with more detailed
information for their particular hospital.

7.2 Energy Consumption Reduction Opportunities
The energy model takes the input values and allows the user to determine the predicted energy
savings that would result from implementing different energy saving measures in their hospital.  The
assumptions made when determining the savings are outlined in the model, allowing the user to
overwrite these values if it is felt they are not appropriate for the specific hospital being analysed.

7.3 Financial Analysis
The user may select from a range of Energy Saving Measures, and the energy model has an output
that calculates the funds that can be invested into capital and maintenance costs for that particular
energy saving measure, based on what is defined as an ‘acceptable payback period’.  This financial
evaluation is in accordance with ‘AS 3595 1990 Energy management programs – Guidelines for
financial evaluation of a project’.

The investment criteria used in the evaluation are as follows:
•  Discount rate 6%
•  Energy unit cost escalation rate 3%
•  Period: 5 years (or as per user defined maximum acceptable payback period).
•  Base year: 1999/2000

7.4 Energy Model ‘Roadmap’

7. Energy Usage Model
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The following diagram illustrates the operation of the model.

•  The user can choose to
use the ‘Default’ inputs
which are the values for
an ‘average’ DHS
hospital, and the data for
the assumed energy
savings.   OR

•  If possible, it is preferred
that the user nominates
input data for their
specific hospital

•  The model then calculates the
expected energy savings given
the combination of energy saving
measures selected by the user.

•  The model also calculates the
maximum capital (including set up
and maintenance costs) that may
be invested to achieve the energy
saving returns, given the
maximum payback period.  This
calculation takes into account the
escalating cost of energy fuels,
and ‘Business as Usual’ increases
in energy demand within a
hospital.

•  The model returns
the evaluations in
graphical and
numerical form.
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The Application Notes describe energy saving measures, which can be implemented at health care
facilities and also provides information on indicative pay back periods.

The Application Notes provide the following:

•  Description of measure
•  Application of measure, including situations where the measure should not be applied
•  Resources required for implementation, including capital cost and planning for disruption of

services
•  Typical energy consumption and cost savings, return on investment (ROI) and other benefits

arising from the measure.

The Application Notes are located in Appendix C.  The following provides of summary of the main
issues:

Energy Saving Measure Indicative
Payback
Period
(Years)

Ease of
implementation
(Good, Average,
Poor)

Other Comments

•  Control
Systems/Maintenance

1-3 years Good Often associated with improved service delivery

•  Lighting Efficiency 2-5 years Good The amount of disruption would range from
minor (relamping/ cleaning) to reasonably major
(Having to re-circuit and replace light fittings).
Payback period depends on which option is
implemented.  Ranges from cleaning/delamping
to changing light fittings and control gear.

•  Lighting Control 3-5 years Average Automated lighting control implementation
usually requires some sort of re-wiring which
can be disruptive.  Payback period depends on
the level of control installed, can range from
simple timers to fully computerised systems.

•  Staff Awareness Immediate Good Staff awareness can be implemented
immediately in all hospitals.  Having staff
awareness increases the impact of other energy
saving measures.

•  High Efficiency Motors 5-6 years Good High efficiency motors for all replacements
mandatory

•  Heat Recovery Systems
(Air Handling Units)

5-7 years Average Should be included on all full outdoor air
systems.

•  Low Flow tapware 1-3 years Good Include in maintenance strategies
•  Mixed Mode Ventilation 2-5 years Average Re-utilise existing opening windows where

provided.
•  Outside Air economy

Cycle
3-6 years Good All systems except humidity controlled areas

•  Variable Speed Drives on
Fans

3-5 years Good Include in new systems or upgrades

•  Variable Speed Drives on
Pumps

3-5 years Good Include in new systems or upgrades

•  Solar Hot Water 7-10 years Good Excellent use of renewable energy source
•  Power Factor Correction 3-7 years Good When retrofitting its likely that implementation of

Power Factor Correction will require disruption
to the power supply of the hospital.  Payback
periods depend on the tariff that the hospital is
on.  Consumption savings aren’t seen by the
hospital, but by the energy utility supplying
energy to the hospital.

8. Application Notes
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A target has been set that by 2005/2006 there will be a 15% reduction in energy usage associated with
Government buildings (including health facilities) compared with 1999/2000 levels.

To help achieve this target, several opportunities for energy savings in Hospitals have been identified
in this HERO study, the most significant (based on ‘cost vs benefit’ and ease of implementation) being:

•  Recommissioning of existing equipment
•  Lighting efficiency
•  Staff awareness

Whilst the DHS provide advice and support for the individual hospitals, its important that the hospitals
maintain ‘ownership’ of the issues and solutions that arise from this process.  The envisaged process
of disseminating information from Government policy to DHS and subsequently into the day to day
functioning of hospitals is illustrated below:

9. Conclusions

‘Energy Efficient Government Buildings’

Policy

Government

Advice/Guidance/Monitoring

Day to day operations

Tools developed as part of the HERO study

‘HERO study’ and other information
DHS

Report to
Government and
other stakeholders

Gather historical data
from bills and other
records.

Complete an audit using
Application Notes to help select
which energy saving options
are applicable.

Use Model to analyse potential
energy savings achieved and
access financial impact

Maintain
records of
energy use

Continual maintenance
and  improvement.

Report to DHS and
other stakeholders

Hospitals

Further analyse
and implement
selected
strategies
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It is recommended that senior management, a financial officer and technical officer within each hospital
consider the application notes and agree which combination would provide the greatest benefits for
their hospital, and which could be implemented with the minimum of disruption and cost.

Base hospital data should be entered into the energy model once the applications have been chosen,
(if this data is unavailable, the data for an average hospital could be used) and the budget for
implementing each application will be given, adhering to maximum pay back periods.

Once a budget has been established the hospital can begin implementing applications and measuring
and reporting on the results.

As part of the above process, consideration should be given to engaging a suitable consultant with
expertise in the detailed analysis, design and implementation of energy saving initiatives.

To help ensure the benefit of implementing energy saving measures are maintained, each hospital
should set in place methods for recording and analysing energy usage.  The ‘Energy Efficient
Government Buildings’ document requires that each hospital appoint an energy manager, and that
they be responsible for these tasks.

It is essential that any energy saving measure have the support of management.  The effectiveness of
any such program will be enhanced with staff awareness.  Staff enjoy being involved and  they have
the most control over energy consumption.

10. Recommendations
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Application Notes for Energy Saving
Control System / Maintenance

These application notes are for general guidance and information only.  Users will need to undertake independent analysis for
specific sites if any of these measures are to be implemented.  Consideration should be given to engaging the services of a
suitable consultant to assist with this task.

Summary
The control system is the ‘driver’ of the equipment in the hospital facility such as heating, cooling and ventilation
plant.  “Poor driving” and lack of maintenance can lead to substantial energy waste.

Background
Control systems, like all building services components also require maintenance. Over time the calibration of
sensors within the control system suffer from "drift", where the sensor is either reading above or below the actual
condition.  This drift in the sensor calibration may not adversely affect the operation of the system, however it
often may lead to increased energy usage.  The cost of calibration of control system components is often well
below that arising from the significant additional energy usage.

Whilst the air conditioning systems remain functional, and maintain space conditions within limits accepted by the
occupants, the control system may be rarely reviewed.  There are also instances where the commissioning of
plant and controls has not been completed.  Hence systems are not operating as intended from the moment of
installation.  Systems that operate satisfactorily in controlling the space conditions are rarely optimised.
Significant energy savings may be achievable by ensuring that the controls are operating equipment in an
optimal manner.

Short term "quick fixes" need to be removed from the control system.  An example could be changing the
temperature set point in an area due to occupant complaints, where the real problem was the installation of new
equipment near to the sensor creating a false reading.  Hence the sensor failed to accurately represent the room
conditions.

Opportunities and Constraints
Opportunities generally exist in all mechanical services control systems for improvements in plant operation and
optimal setup.  The majority of the gains can initially be obtained by bringing operation of the control system back
in line with the initial design intent including the balancing of air and water flows.

The maintenance of control components such as valves and dampers should also be addressed.  Valves that do
not provide tight shut-off allow fluid bypass through them, causes energy wastage.  Additional energy is also
required to correct the resultant temperature variation in the air stream.

Leaking dampers can also have a significant effect on the energy usage of air conditioning systems.  Worn
linkages and actuators prevent the dampers from closing fully.  This situation can introduce excess volumes of
outside air increasing the associated heating and cooling loads.

Other energy saving measures include:-
•  increasing the control range (wider room temperature band)
•  ensuring the sensor locations represent the space conditions.  For example, ensure a temperature sensor is

not affected by office equipment and is not located behind furniture or in drafts or sunlight.
•  calibration of sensors (accuracy of the reading)
•  identification of critical sensors, which have a major influence on the systems performance and ensure that

these are regularly maintained
•  supply air temperature reset strategies
•  chilled water, heating hot water and condenser water temperature reset strategies
•  optimized start routines
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Impact of Implementation
Increasing the maintenance on control system components may have a positive impact on the staff and patients
through improved performance outcomes.  Like all maintenance activities, some equipment may need to be
taken out of service for short periods of time to allow access.  Works associated with the installation of new
sensors, or relocating poorly positioned sensors may temporarily disrupt the activities local to the works
(although no more than existing routine maintenance tasks in the occupied areas).

Analysis
The benefits and associated costs of properly setting up and maintaining a control system and its associated
components can be very significant.  For a hospital where the yearly energy cost for mechanical plant is
$400,000, an annual saving of say 5% (conservative benefit) means that $100,000 spent in upgrade and "catch
up" maintenance has a simple payback of 5 years.

Generally a sensor out of calibration by 1oC is considered to equate to 5% increase in energy use.

Conclusions
Improvements in the operation of hospital building control systems can be one of the more substantial energy
conservation opportunities and is often as simple as recalibrating existing sensors and actuators, maintaining
dampers and valves and checking the set points and control strategies.  Setting the system to operate as initially
intended can improve plant efficiencies.

Strategies programmed into the system and refinement may see further benefit in service delivery and energy
use.

References and Sources for Further Information

•  www.seav.vic.gov.au
•  www.greenhouse.gov.au
•  SEAV "Model Technical Specification"
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Application Notes for Energy Saving
Lighting Efficiency

These application notes are for general guidance and information only.  Users will need to undertake independent analysis for
specific sites if any of these measures are to be implemented.  Consideration should be given to engaging the services of a
suitable consultant to assist with this task.

Summary
Lighting uses a high portion of electricity in hospitals (approximately 30%), and by their nature many light sources
are inefficient.  This makes improving lighting efficiency an attractive energy saving measure, as good returns on
investment can be made.

Hospitals can reduce electricity bills by making their lighting system more efficient, in the following ways:
•  Selection of efficient light sources (using fluorescent light fittings where possible).
•  Appropriate lighting levels (for example not overlighting in non-critical areas).
•  Use of daylight

Background
Hospitals have particular lighting requirements to suit the nature of tasks being performed including a need to
determine the condition of a patient by ‘clinical observation’. Some hospitals are reluctant to alter lighting levels in
any area because of this issue.

Rather than lighting the entire hospital to meet the most stringent requirements, it would be more efficient (and
beneficial) to reconsider the actual lighting requirements of individual areas.  The following, in accordance with
Australian Standards for lighting; including AS1680.2.5 ‘Hospital and medical tasks’ are the most important
features of the lighting in different areas of the hospital:

•  In areas where procedures and examinations are performed, lighting levels need to be higher.
•  In areas where hospital staff need to perform ‘clinical observation’, good colour rendering is required such

that the light source does not skew the appearance of a patient’s skin.
•  In areas of rest and waiting rooms, an atmosphere of well being and comfort should be created, which is

often achieved with lower artificial lighting levels, or natural daylight.
•  In areas such as storerooms and circulation spaces, adequate lighting levels to allow safe movement.

By understanding, which of the above criteria is the most appropriate for each type of lighting system, and
auditing their existing installation, most hospitals will find that they may be ‘overlit’ in many areas.  Not only does
this waste energy, but also can create a ‘sterile’ environment that would be less comfortable for patients and their
visitors.  Due to the age of the building, older hospitals may find that a lot of their light sources are inefficient (for
example incandescent lighting), which could be costing the hospital a significant amount in electricity costs each
year.

Opportunities and Constraints
A lighting audit is the first step in reviewing lighting system in an existing hospital, and may need to be staged to
ensure minimum disruption to patients and staff.  However, it is more cost effective to ensure that the lighting
system is efficient when building a new facility.

The following are some general guides for selecting efficient light sources:
•  Fluorescent light fittings should use electronic ballasts and tri-phosphor lamps.
•  High pressure sodium or metal halide lighting should be used where possible for exterior/carpark lighting.
•  Daylight should be used where possible.

When reviewing light sources in hospitals its important to ensure that the colour rendering characteristics are
adequate.  This even applies to daylight entering a room.  It is important that the transmission characteristics of
window and skylight glazing do not skew the colour of the light entering the space, if ‘clinical observation’ of
patients is to be performed in the area.
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If it is determined that some areas are overlit, this can be addressed by the following methods:
•  De-lamping (for example removing the middle lamp from a 3 lamp fitting)
•  Voltage reduction at the switchboard (that is by reducing the voltage at the switchboard the lights run at a

lower level, energy is saved and the life of the lamp is extended).

All hospitals can improve the efficiency of their lighting system by ensuring that the fittings are clean and that any
worn out reflectors or diffusers are replaced.

It may be appropriate to consider implementing lighting control energy saving measurers (refer Lighting Control
Application Note) at the same time as a lighting efficiency audit.

Impact of Implementation
Once lighting changes are implemented, staff may notice a decrease in lighting levels.  It is important that staff
are made aware of the changes, so they are assured that there are no OH&S or operational implications.  This
could be achieved using a trial area of lighting changes, before proceeding with an entire facility change.

It is likely that patients and their visitors will have an increased feeling of well being with reduced lighting levels,
as it generally gives a less ‘sterile’ atmosphere.

The costs of implementing a more efficient lighting system are much less for a new building. In existing hospitals
the costs consist of the following:
•  Lighting audit
•  Cost of changing light fittings/lamps
•  Cost of installing voltage reduction equipment at the switchboard.

Analysis
The following example illustrates possible savings to be made by upgrading from standard to tri-phosphor lamps
(which increases lighting levels by 15%) in ward areas, and using voltage regulators to reduce the lighting level
(by 15%) back to original values.  Actual savings due to lighting upgrades will depend on the hospital’s particular
circumstances.

Assume a hospital has an annual electricity bill of $365 000, 30% of which is due to lighting.  If the wards in this
hospital had floor areas of 4500m2 (30% of total) and one 2 x 36W lighting fitting per 6m2, the following are costs
and savings that might be expected:

•  Cost approx. $15 000 (ie. approx. $9000 for voltage regulating equipment and $6000 for lamp upgrades to
tri-phosphor).

•  Savings $4 927 per annum (based on 15% reduction in lighting levels result in 30% energy savings)

Hence, the payback period in this case would be little over 3 years.

Conclusions
Clearly, it is important to define the different functional areas of a hospital, and to determine their different lighting
requirements. In new buildings it is most cost effective to implement an efficient lighting system from the
beginning.  However it is still cost effective to retrofit in existing hospitals.  The following are the main items for
consideration when reviewing the efficiency of the lighting system:
•  A lighting audit should be conducted.  Are any areas overlit?  What light sources are used?
•  Are fluorescent light fittings used where possible?  Do they have electronic low loss ballasts? Are the

lamps tri-phosphor?
•  Is exterior lighting high pressure sodium or metal halide?
•  In areas that are overlit, can fittings be de-lamped without disturbing the lighting uniformity?  Is the

switchboard capable of housing voltage reduction equipment to reduce lighting levels?

References and Sources for Further Information
•  The SEAV have published information sheets on their website www.seav.vic.gov.au
•  SEAV ‘Model Technical specifications.
•  Australian Standards AS1680 series on interior lighting including 1680.2.5 ‘Hospital and medical tasks’,

which provides assistance in classifying lighting requirements for different areas in the hospital
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Application Notes for Energy Saving
Lighting Control

These application notes are for general guidance and information only.  Users will need to undertake independent analysis for
specific sites if any of these measures are to be implemented.  Consideration should be given to engaging the services of a
suitable consultant to assist with this task.

Summary
Lighting uses a large portion of electricity in hospitals (approximately 30%).  By controlling the lighting system so
that the appropriate amount of light is provided only when needed, considerable savings can be made.

Hospitals can reduce electricity bills by controlling their lighting system in the following ways:
•  Switching (automatic switching or manual).
•  Dimming (this may require an upgrade of the light fittings as well).
•  Sensors (these can be used to turn off lights in rooms when they are unoccupied, or to dim or switch

lighting in wards and corridors when there is adequate daylight available).

Background
There are different functional areas within hospitals, all of which operate in different modes throughout the day
and night.  Lighting control can be automated to accommodate these different modes, saving energy whilst
maintaining a suitable environment for patients and staff.

In areas where hospital staff perform specialised tasks, such as surgical procedures, it is common for local task
lighting to be provided.  This provides staff with maximum control throughout the procedure, and means that the
general lighting in the area need not be so high.  Likewise in wards, patients should be provided with local (or
task) lighting, so that they can read, without requiring the entire ward having to be lit.

The following are some lighting control options:
•  Manual switching (A staff awareness campaign to get staff into the habit of switching lighting when exiting

a room.  Labels in patient areas such as bathrooms so that patients do the same).
•  Automatic switching or dimming (This can be done using timers or sensors for exterior lighting, and

sensors for store rooms and meeting rooms so that once people have vacated an area the lighting
automatically switches off).

•  Automatic daylight controls which dim or turn off electric lighting when it is sensed that natural light is
adequate.

Opportunities and Constraints
It is much more cost effective to install lighting control during original construction.  However it is possible to
achieve good returns when retrofitting into an existing hospital.  There would be disruptions to patients and staff
however, as retrofitting would require installation of devices in rooms.

A campaign of staff awareness to switch off lights when not in use has little or no capital cost, would require no
disruption and would return immediate savings.  However this is not a reliable means of control unless there is
wide ranging “buy in” and a sustaining change in work practices.

The following factors should be considered when choosing a lighting control solution:
•  Energy savings are increased if the circuiting allows light fittings near windows to be switched separately,

so they may be turned off when there is adequate daylight.
•  Automatic switching and dimming is generally more reliable than manual switching.  Automation can be

integrated with timers, daylight sensors or occupancy sensors depending on the needs and use of a
room.

•  Fluorescent light fittings with special electronic ballasts can be dimmed, using less energy, and creating a
more flexible and dynamic environment.

•  Staff should be consulted on the sort of lighting control system that best suits their needs. While lighting
control can improve the work environment, an inappropriate system could become a nuisance to staff.
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It may be appropriate to consider implementing lighting efficiency energy saving measures (refer Lighting
Efficiency Application Note) whilst undertaking an investigation in lighting control.

Impact of Implementation
Staff would notice the benefits of a lighting control system, as it would provide a more dynamic work
environment, and if automated, it would alleviate staff from the duties of manually controlling the lighting.  Control
of lighting that reduces artificial lighting when there is sufficient daylight provides a link with ‘the outside world’,
which has benefits for patients and staff.

Capital costs depends on which lighting control system is being implemented:
•  staff awareness programs have little or no cost
•  simple sensors start at $200 (for one occupancy sensor in a room)
•  advanced building lighting control systems are in the range of $10 000’s to $100 000’s depending on the

size and scope.
•  cost analysis should include labour, which would be greater for changes to existing buildings compared

with new.

The running costs of the hospital benefit from the provision of lighting control systems as follows:
•  functions are automated
•  life of lamps would be increased due to decreased running hours
•  advanced control systems can identify when/where fittings need to be replaced.

Analysis
The following example outlines possible savings arising from the installation of daylight sensors and automatic
switching in wards.

If half of the lighting in wards could be switched off during 9 hours of daylight everyday, a hospital that spends
$365 000 a year on electricity, and whose floor area consists of 30% wards could expect a saving of $9855 per
annum.  Daylight sensors could be installed for around $35 400, giving a payback period of 3-4 years.

The actual savings achieved would vary somewhat depending on seasonal (and hence daylight) conditions, and
the layout of the building.  This example outlines only one possible method of lighting control, however there is a
range of other possible methods that would be suitable in other areas.

Conclusions
Lighting control systems should be installed in all new hospitals.  These controls could range from simple
sensors and automatic switching and dimming to sophisticated systems which integrate with other building
management systems.  The level of control to be installed depends on the size of the hospital, and other levels of
building automation to be provided.  Existing hospitals could easily retrofit some lighting control systems, and still
achieve a good return on investment.

All hospitals should encourage staff to switch off lights in areas that are not in use.  Benefits from lighting control
systems are not only energy savings, but also increased flexibility, simplicity and a dynamic environment for
patients and staff.

References and Sources for Further Information
•  The SEAV have published information sheets on their website www.seav.vic.gov.au
•  SEAV ‘Model Technical Specifications’
•  Australian Standards AS1680 series on interior lighting including 1680.2.5 ‘Hospital and medical tasks’.  This

standard describes the types of control systems that should be incorporated in hospital lighting.


