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History-

The energy management was introduced in the late 70’s, during that time this idea was supported
and also attained success. So, in the mid 80’s by looking at the energy prices it was still thought
that whether they should continue to do energy management or not.

But by the late 80’s it was considered that “Energy Management” can be a good business but will
require qualification to continue it. This gave birth to the “Certified energy manager program” by
the Association of Energy engineers(AEE) which had a very high growth rate and since then
AEE continued to increase its members and structure.

After that time, the President executive orders formed the “Federal energy management
program” (FEMP) to help the federal sector in meeting the federal energy management goals
(Turner, 2005). The saving of this program was big enough and new professionals were affiliated
with the program.

The below Figure 1 shows goals that have been outlined by FEMP, but it was found that
reporting and measuring was difficult and critical, even though energy and money was being
saved. So, this gave rise to the Energy service companies, shared savings providers, performance
contractors and other such organizations to expand the need of energy management programs by
private sector and the federal government (Turner, 2005). They provide services like energy
auditing, analysis of energy, economy and capital to the other organizations which helps them in
minimizing their energy usage and money spent for other energy services. For which they
promise guaranteed satisfaction to their users by sharing with them the savings done through the
application of this.

How?



By guaranteeing and sharing the savings from the new and improved energy efficiency and
productivity. By all this time, energy managers have always proved that energy management will
be cost effective. And the energy management is important in national security, environmental

welfare and economic productivity.

Sec. 201. Greenhouse Gases Reduction Goal. Re-

duce greenhouse gas emissions attributed to fa-
cility energy use by 30% by 2010 compared to
1990.

Sec. 202. Energy Efficiency Improvement Goals.

Reduce energy consumption per gross square
foot of facilities by 30% by 2005 and by 35% by
2010 relative to 1985,

Sec. 203. Industrial and Laboratory Facilities.
Reduce energy consumption per square foot, per
unit of production, or per other unit as applicable
by 20% by 2005 and 25% by 2010 relative to 1990.

Sec. 204. Renewable Energy. Strive to expand use
of renewable energy. The federal government
shall strive to install 2,000 solar energy systems at
federal facilities by the end of 2000, and 20,000
solar energy systems at federal facilities by 2010.

Sec. 205. Petroleum, Each agency shall reduce the
use of petroleum within its facilities. [Although
no specific goal is identified.]
Sec. 206. Source Energy. The federal government
shall strive to reduce total energy use as mea-
sured at the source. [Although agency reporting
requirements for energy consumption are based
onsite energy, this section allows for an agency to
receive a credit for activities where source energy
decreases but site energy increase, such as in
cogeneration systems. ]

Sec. 207. Water Conservation. Reduce water con-
sumption and associated energy use in their fa-
cilities to reach the goals (subsequently) set by the
Secretary of Energy. [The Secretary of Energy,

through the DOE Federal Energy Management
Program, issued guidance to establish water effi-
ciency improvement goal for federal agencies in
May 2000. See www.eere.energy.gov /femp/re-
sources/ waterguide.html for details.

Figure 1 Goals of federal agency by Presidential Executive Order 13123 in 1980
(Source: Energy Management Handbook, 2005)



Importance of Energy Management (EM)

From the past few years many govt. Organizations and industries are under economic and
environmental pressure. With being competitive in the market they need to maintain
environmental standards which will reduce all kinds of pollution, this increases the operational
cost. EM helps these organizations to meet the demands for their survival and long term success.
e Problem primarily which the organizations face are meeting the environmental standards
by reducing global warming and acid rains. This EM helps in improving the
environmental quality. For example the primary culprit in global warming is CO2 and it
is released by the combustion of methane. So EM helps in reducing the CO2 in
atmosphere by reducing the combustion of methane thus reducing
globalwarming.Industries use upto 45% of CO2 which is released from burning of fossil

fuels & 70% of sulphur dioxide emissions from stationary resources.
HOw ?? EM reduces the load on power plant as fewer kilowatt hours of electricity are needed.
As also when coal of fossil fuel is burnt it releases SO2 which is responsible for acid rain. So,
less energy consumption means less thermal pollution, less cooling water discharge, less CFC

emissions, less ozone depletion. Therefore, EM helps in improving the environmental quality.

e 2nd problem: Become economically competitive in global market which needs reducing
the cost of production or services and meeting the consumer's need for quality and
delivery time. (?)

So large savings are accomplished through high returns on investments and rapid paybacks.

To improve productivity: Through EM implementation of new energy efficiency technologies,
new materials, new manufacturing process, use of new technology in equipment for business and
industry is also helping company productivity & increase their product and service quality.

Also, initially, energy savings is not the main driving factor when the organizations decides to
switch to new technologies. But, the combination of increased productivity, quality, reduced
environmental impacts and energy costs had been powerful tool for industries to switch to these

new technologies.

“TQM” Total quality management is an integrated approach (people from different backgrounds
come together to achieve common aims) to operate an organization and energy cost control.

Here in TQM front line employees will have the power to make necessary changes & decisions



at the lowest operating levels. If these employees have EM training they can make decisions and

give recommendation about the energy operating costs.

e To maintain the energy supply inputs that are available without any interruption and
whose costs do not change very rapidly.For example USA, very much dependent on
imported oil. 1979 in the time of oil crises, usa was importing 50% of total consumption
of 01l.1995, same as above,Then in 2003, the graph raised to 54%.This is creating an

imbalance in the distribution of supply of oil.

e Helps in also keeping in mind the other national issues like:
Need for new jobs, need to improve the balance of payments by reducing costs of imported
energy, need to minimize the effects of a potential limited energy supply interruption. And none
of the above issues can be met without having an energy efficient economy (EEE). That is why

EM is an important factor in going towards the EEE



Introduction

A building energy management system (BEMS) is a combination of hardware, software, and
services which let us see, measure, and manage our energy. It may be an open, scalable, secure,
and cloud-based application that centralizes our energy to help us discover how we are
performing and enabling energy decisions to optimize energy consumption. The best part of the
system is to collect energy data and turn this data into actionable information so we can
continuously reduce and optimize our energy consumption. Most of the systems are cloud based,
which can be accessed from anywhere but secure enough to let you choose who can see what
according to each user’s role. BEMS controls and monitors the building’s mechanical and
electrical equipment, such as ventilation, lighting, power systems, security systems, fire alarm
systems, and lift elevators. It gives the user accessibility to see all these systems on a single
platform. Also, in an event where potential dangers or inefficient energy usage occurs by any
system, relevant personnel will be notified.

In this research project, working principles and typical structures, including hardware,
software, and services, of BEMS will be thoroughly explained. A case study at Eastern Illinois

University’s Klehm Hall will be introduced in terms of the implementation of a BEMS.



Introduction to Building Energy Management System

Building energy management systems (BEMS) are computer-based control systems that control
and monitor a building’s mechanical and electrical equipment such as heating, ventilation,
lighting, power systems etc. Sometimes called building management systems (BMS), they
connect the building services plant back to a central computer to allow control of on/off times,
temperatures, humidity etc. Cables connect the plant through a series of hubs called outstations
around the building back to a central supervisor computer where building operators can control
the building. Software provides control functions, monitoring, alarms and allows the operators to
optimise building performance. BEMS are a critical component to managing energy demand,

particularly in large complex buildings and multi building sites.

Analogue and digital input signals tell the BEMS what temperature, humidity etc. the building is
running at. Inputs might also include whether equipment like pumps, fans and boilers are running
or not. Analogue/ digital outputs then send signals from the central supervisor PC to valves,
pumps fans etc to control their settings or to switch things on and off, resulting in changes to
comfort conditions. BEMS can be used to control almost anything and it is becoming

increasingly used to control lighting and to monitor critical systems.



Basics of Building Energy Management System

Outstations provide the local hubs to connect these input and outputs into the central supervisor,

see Fig.2
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Figure 2: Typical components of a BEMS
(Source: Fundamentals of BEMS, 2011)

This allows the operator to program when things automatically turn on and off and what setting
they operate at e.g. temperature, humidity. A BEMS is really a tool for controlling and
monitoring the building and a good operator can use the BEMS to optimise settings to minimise

energy consumption without compromising comfort and services.

The outstations are usually connected through a local area network (LAN), see Fig. 1. Software

normally provides a user interface that is based on images of the plant being controlled like the



one shown in Fig. 2. These dynamic displays show real-time temperatures and plant conditions

that give an immediate window on what is happening in the building.
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Figure 3: Typical dynamic display showing real-time plant and building conditions
(Source: Fundamentals of BEMS, 2011)

As a core function BEMS would control boilers, heating system, pumps and then locally control
the mixture of heat to achieve the desired room temperature. In air-conditioned buildings BEMS
would control chillers, cooling systems and the systems that distribute air throughout the
building (for example by operating fans or opening/closing dampers). BEMS can also control

lighting or any other energy using equipment and can also be used to log energy meters.

Modern systems have distributed intelligence in the outstations and also allow multi-site control
with remote monitoring via the telephone network, wireless and satellite systems. They are

increasingly becoming connected to handheld devices like palmtop devices and mobile phones



with alarms that tell on-call staff of problems in the building.

Building energy management systems (BEMS) can significantly improve the overall
management and performance of buildings, promoting an holistic approach to controls and
providing operational feedback. Energy savings of 10-20 per cent can be achieved by installing a
BEMS compared with independent controllers for each system (Mei, 2011). However, BEMS

cannot compensate for badly designed systems, poor management or incorrect maintenance.

Multi-Building Sites

These systems are ideal for getting control of multi-building sites and large complex buildings.
They are also used by large organisations to control buildings spread across wide areas like
whole local authorities, health trusts and even buildings across the whole country. Modern
systems have intelligent outstations that can be interrogated locally in a plant room to track down
local problems. They can also have wireless connections to some devices to reduce or avoid
cabling. A BEMS needs to be well specified and engineered, with good documentation and an

intuitive user interface if it is to be used effectively.

In very small buildings it is possible to achieve reasonable control using stand-alone controls for
heating, lighting etc and this may be a cheaper option than a full BEMS. However, costs of
controls has come down such that mini BEMS are now competitive and hybrid systems that
interconnect a series of local controllers are also available. So BEMS can be considered for
controlling almost any size of building but the improvement in management really becomes

apparent in large distributed and complex sites/buildings.

Ensuring good user interfaces with a BEMS is essential. Modern BEMS can be accessed in a
number of ways (see Fig. 3) for example, through web browsers via the internet, through
hand-held tablets and laptops or through palm devices and smart mobile phones. Providing
convenient access routes allows building operators to use the BEMS in a way that fits their role
and the way they work and encourages them to utilise the system as a building optimisation tool.

Poor access or a lack of feedback normally result in facilities managers leaving the BEMS sat



ignored in a corner of the operations room as a silent controller rather than a window into the

building’s performance.

Figure 3 - Typical BEMS user interfaces
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(Source: Fundamentals of BEMS, 2011)



Maintenance

BEMS are too often wrongly regarded as a fit and forget system. To optimise internal conditions
and make ongoing savings, BEMS need to be regularly maintained. BEMS settings need to be
reviewed at least every month and check that settings match actual building use. When
inspecting the system, focus on:

» General - check the integrity of any cabling and connections and any cabinets or panels in the
installation;

* Sensors - test accuracy and review the suitability of their locations;

* Actuators - examine control outputs and ensure that controlled devices are working over their
full operating range;

+ Digital inputs - confirm that inputs are operational and working correctly. Calibrate or adjust
switching devices if necessary;

» Controllers - verify that battery supplies are adequate and that controllers automatically restart
following interruption to power supplies;

* Record keeping - document key changes to the BEMS, including any alterations to set points
and control strategies, software upgrades, additions to the network, any faults identified or

maintenance performed.

Maintaining controls really matters and underpins the building performance. The preferred
maintenance regimes need to be determined at the beginning of the project. The important
question to be answered by the client is whether they want:

* an independent installation (independent of the control manufacturer) with a separate
maintenance contract that can be moved according to contractual performance; or

 a manufacturer installation where the only option for maintenance is with the manufacturer.

It is important that the BEMS maintenance contractor is consulted at the start of the build, during
the design, and retained by the client to provide maintenance for the finished building. The
on-site maintenance team can then have a good relationship with the controls subcontractor,

allowing them to use continuous commissioning and rectify faults quickly.

BEMS can bring lower running costs, improved comfort, maintenance and building management

through better feedback on how the building is performing on energy and comfort. The



monitoring facilities of a BEMS allow plant status, environmental conditions and energy to be
monitored, providing the building operator with a real-time understanding of how the building

is operating. This can often lead to the identification of problems that may have gone unnoticed,
e.g. high energy usage or plant left running continuously. Energy meters connected to a BEMS,
providing real- time energy consumption patterns and ultimately a historical record of the
buildings energy performance, can be logged and analysed in a number of ways both numerically
and graphically,. BEMS can, therefore, improve management information by trend logging
performance, benefiting forward planning/costing. This can also encourage greater awareness of

energy efficiency among staff.

Energy efficiency improvements of 10-20 per cent are common. However, it is important to
establish the suitability of existing buildings and equipment to ensure the maximum savings. For
a BEMS to work effectively in an existing building, it must be possible to zone the heating,

ventilation and lighting systems according to the use made of different areas.

Review Performance

The main advantage of a BEMS installation is the ease with which users can review the
performance of controls and conveniently make adjustments. Other advantages include:

* close control of environmental conditions, providing better comfort for occupants;

* energy-saving control functions which will reduce energy bills (e.g. weather compensation);

« ability to log and archive data for energy management purposes;

* provision of rapid information on plant status (is it ON and working?); * automatic generation
of alarms to warn appropriate personnel of equipment failure or condition changes (has
something gone wrong?);

» identification of both planned and reactive maintenance requirements (e.g. systems can record
the number of hours that motors have run, or identify filters on air supply systems which have
become blocked); and

* ease of expansion to control other plant, spaces or buildings.



Once a BEMS has been installed and fully commissioned properly it can be used as a tool to
optimise building performance. Even the best designed and commissioned control strategy is
likely to evolve with the user’s and the building’s requirements. A well-trained BEMS operator
can carry out regular reviews of BEMS settings to gradually reduce room set points, operating
times and energy consumption without compromising comfort conditions. This fine-tuning of the
building controls often requires one or two full heating seasons to reach optimum settings. But
the process does not end there, as the building usage and requirements change then so will set

points and times so this optimisation is a continuous process as the building use changes.

This optimisation process is particularly important where BEMS are controlling large
multi-building sites and buildings spread across a wide area. The BEMS operator can keep a
watchful eye on operations and energy use from afar without having to visit the buildings. This
central BEMS bureau approach is highly cost effective and common in large estates and through

FM providers.

As a result of this continuous optimisation it is important to maintain records of all changes to
the system during the lifetime of the building with good reasons as to why changes have been
made. Too many buildings have high operating hours and set points that have been badly
programmed many years ago often as a result of occupant complaints. It is still very common to
find buildings fully ON running everything at high levels for 24 hours a day, 7 days a week
where just a little optimisation can save a lot of energy, money and carbon emissions with little

or no investment.

A BEMS is only as good as the people who use it. It is essential that any staff who will be
operating and maintaining the system are trained appropriately. All reputable BEMS suppliers
can provide and do encourage training as it is in their interest that the system works well. If
installing a new BEMS, involve key staff at the beginning of the project, ensure that they are

aware of what the system can do and how to keep it performing efficiently.



Access Through Mobiles

It is essential to train staff to use the BEMS as a tool to manage the building. Ensuring staff have
easy access through mobile devices can encourage this. The greater the understanding, the more
likely are the energy savings. This will involve training on the BEMS hardware and the software
built into the BEMS. BEMS is powerful tool for managing buildings but is still only as good as
the staft operating it! All staff with access to the BEMS should develop experience in managing
the building using it on a routine basis. Most BEMS have alarms set and staff should know what

to do when these alarms show on the central supervisor.

As discussed earlier, in existing systems an annual review of control settings is essential also
important to ensure that the system is optimised in relation to the occupancy and requirement of
the building. However, too many building operators leave this to the maintenance contractor
under an annual contract. This often results in the building management relinquishing their
responsibilities to the BEMS contractor and the building gradually drifts away from optimised
settings. The provision for future re-training in the event of staff changes is very important to
minimise this day-to-day reliance on suppliers for simple maintenance measures. Ensuring
suitable BEMS user documentation for system fault finding and maintenance also plays a key
part in this common mistake.

A BEMS installation is very site specific. Larger systems may require a feasibility study to
identify the size, shape and complexity of the BEMS required. This will establish what is to be
controlled and monitored, the connections, hardware and cabling required and the resulting
benefits. It will also establish the architecture of the system, ring shaped, star shaped etc and the

location and capacity required in outstation.

The financial justification for a BEMS should ideally include a full life-cycle costing calculation
based on discounted cash flow. Estimates of potential savings should, where possible, account
for contributions from improved maintenance and increased reliability, in addition to reduced

energy consumption.



Maintaining Comfort

Planning and designing good controls at the outset is essential to achieving a good building. A
client’s brief for a good control system aims for energy efficiency while maintaining comfort.
Designers’ specifications need to set out the key energy features so contractors appreciate what
the control system needs to do. Low- carbon buildings are best achieved when clients state an
aim to have a low carbon building in operation in the client brief. The design, selection
installation and operation of the resultant control system relates directly to these initial
statements. Without such clear directions to the design team, a low carbon building is seldom
achieved.

The scope for system expansion at each outstation should be carefully considered. Often the
addition of a single point may require a complete outstation at considerable cost if all points on
the original are occupied. If you already have a BEMS then an upgrade or even extending it may
bring very significant advantages. Really old systems may well need full replacement and may
no longer be supported the manufacturers.

It is possible to connect meters to a BEMS for logging energy to provide a valuable tool for
identifying savings. However, where larger buildings/ sites are being sub-metered it may often be
better to have a dedicated automatic meter reading system with specialist software for meter
logging, analysis and reporting. How well your BEMS performs is reliant on a clear brief, good
design followed by good installation/commissioning. Some BEMS manufacturers offer their own
design/installation service and some may even insist on this; others work with approved
contractors. Either way, you should ask for references from sites similar to your own. You can
find suppliers of BEMS through the Building Controls Industry Association www.bcia.co.uk and

the controls group of the Energy Services & Technology Association www.esta. org.uk

Case Study-Building Energy Management System at Eastern Illinois University



Further Readings:
Specifying building management systems, BSRIA Technical Note TN 6/98
BMS Maintenance Guide plus a model maintenance specification, BSRIA Guidance note
BG4/2003.

How to implement a building energy management system (CTL019), The Carbon Trust

Building Control Systems, Guide H, CIBSE
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