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1. INTRODUCTION

This paper discusses the development of the Energy
Monitoring System (EMS) and problems associated
with the implementation of EMS at industries and
commercial/ administrative buildings. The system is
a hierarchical computer-aided one with subsystems
for commercial billing, monitoring, analysis and con-
trol of energy use. The subsystem for emissions mo-
nitoring can be included optionally. The EMS is of
open structure and flexible: an initially installed sys-
tem, e.g. electricity monitoring, can be supplemen-
ted with new systems for water, heat, or new mete-
ring devices can be added.

2. ENERGY EFFICIENCY AND MONITORING

At present, Lithuania faces an immense challenge
in restructuring its economy to free market princip-
les. Energy efficiency is a key issue during the tran-
sitional period, and estimations show that the ener-
gy saving potential is sufficient [1]. Various Demand
Side Management (DSM) projects carried out in
Lithuania so far have confirmed that there are so-
me possibilities to improve energy efficiency in Lithu-
ania. Short-term energy saving proposals, which
are characterized by low investment cost, would al-
low to save 8-10% of energy with the payback pe-
riod less than one year. The modern, energy-effi-
cient equipment and the new processes connect the
long-term energy saving recommendations with the
replacement of the existing obsolete machinery. In
this case the total energy savings could amount to
30-40% of the present consumption level. The pos-
sible areas of implementation are plants of const-
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ruction materials, milk factories and light industry
plants. However, the practical implementation of
energy saving proposals is carried out with some
delay. The main reason is the lack of financial re-
sources and the inability to evaluate and see the
benefits of saving measures in the near future. The-
refore very attractive is the installation of a compu-
terised energy monitoring and sub-metering system,
which enables the personnel to monitor effectively
and to target utilization of resources at all levels of
plant processes or in various parts of commercial/
administrative buildings. The EMS developed at the
Lithuanian Energy Institute is based on modern in-
formation technologies and provides management
with information on the use of energy and associa-
ted production outputs at regular intervals against
the pre-set targets.

3. STRUCTURE OF THE SYSTEM

Successful energy management programmes are su-
stained by two key factors — accountability and per-
formance targets. These factors require a human-
oriented system for energy management at indust-
ries or buildings. Such system should in effective
way integrate the efforts of operators, machines and
information [2, 3].

The best option is the development of an hierar-
chical Energy monitoring system (Fig. 1) with a num-
ber of subsystems for: /) commercial accounting, if)
monitoring and control of energy use. The EMS
comprises a network of submeters, associated com-
puter hardware and special software products — cus-
tomised DSM programmes tailored to the needs of
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Fig. 1. Energy monitoring system

customer. The EMS allows energy (electricity, heat,
fuel) usage to be attributed to separate shops or
buildings of a plant.

There are three levels of hierarchy. Allocation
of the subsystems to an appropriate level is based
on response time criteria, ie. the lowest level of
hierarchy is characterised by the shortest time re-
quired for information request or data acquisition.

The first level of hierarchy includes the following
subsystems:

* commercial accounting meters for all sorts of
energy — electricity, heat, steam, fuel, water and
emissions. The meters contain microprocessors, are
very precise and reliable, they may be connected
with data acquisition computers by the digital com-
munication lines. Standard sensors for every kind of
parameters — flow, temperature, pressure, etc. (dot-
ted circles) are installed. The equipment of the com-
mercial sub-system should be included in the State
Register and approved for the commercial billing;

* optional computer-aided meters for monitoring
the internal energy consumption in separate works-
hops, divisions of plant or by a selected technologi-
cal equipment in building. The data from sensors
via communication lines are transferred to the com-
puter-aided metering devices, where measuring and
primary processing are performed. Then the data
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are converted into digital codes, which via the digi-
tal commutators reach the multiplexer at regular in-
tervals. The multiplexer is installed at the data ac-
quisition computer. The digital communication lines
do not increase the error rate of the metering;

* communication devices: i) interfaces RS 485,
“current loop” or M-bus, ii) Digi multiplexer (USA),
which enables to receive data from a big number of
meters and microcontroller units. The above inter-
faces are characterised by galvanic disconnection.
Therefore the digital communication cables connec-
ting the data acquisition computer and the meters
can be up to 1-3 km long. Computerised electricity
meters (LZQOM, LZKM type) are equipped with in-
side “current loop” interface.

At the second level the data acquisition compu-
ter at regular intervals performs: /) metering, data
checking and processing, ii) calculation of control
signals. The results via the local computer network
are put in the server for storage and archiving.
The customers can at any time retrieve data from
the server and apply them for an analysis at their
computers. Part of the data can be also retrieved
via the modem and transferred to the higher le-
vel authorities. Both the acquisition computer and
the server are active night and day. The subsystem
of technology data acquisition and control consists
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of a number of multicontroller devices. They re-
ceive data from different sensors of technological
parameters, transduce them into digital codes, and
via the connectors and the multiplexer feed into
the computer for final processing. The microcon-
troller and the data acquisition computers issue sig-
nals for the control of technological parameters. At
this level, the emissions monitoring subsystem can
be installed as well.

The third system level includes a set of customi-
sed energy analysis, management and control pro-
grams. Software for the suggested system is adapted
to the specific architecture of a system, and with
algorithms and outputs tailored for the plant’s ope-
ration. The programs solve the main energy mana-
gement tasks:

* power demand - detailed results about the to-
tal power value and its shares at submetering points
are estimated at regular intervals; also the maxi-
mum and minimum loads are determined;

* optimum shifting of consumption — possible shif-
ting to a less expensive tariff zone and reduction of
peak loads are calculated. This program uses data
of monthly energy consumption at all submetering
points (measurement interval 30 min);

* specific energy indices — this program calculates
energy intensities for various equipment groups of a
factory or building. Results are displayed as tables
and plots either on the monitor screen or as prin-
ted documents, and they are compared with target
figures or previous results. At this level, human skill
plays a key role for decision-making regarding pos-
sible changes of industrial processes or energy usa-
ge patterns.

Optionally EMS can include the environmental
monitoring subsystem. The key element of this sub-
system, a PENTOL gas analyzer, is used for measu-
rement of CO, NO_and H,O vapour in flue gas.
Measured emission data are transduced into digital
codes, and via the communication lines (interface
RS 485) and the Digi multiplexer are fed into the
computer for final processing. Regularly an environ-
mental review is carried out — comprehensive ana-
lysis of emissions, impact and performance related
to the activities at a site and the environmental da-
tabase is filled in as well. Such an environmental
monitoring subsystem was installed in a combined
heat and power plant. Figure 2 shows an example
of emissions data at a CHP plant.

Results attained by the EMS can be used for
identification and eventual implementation of ener-
gy saving and environmental measures. The EMS
is of open structure and flexible: it is possible
to the initially installed, e.g. electricity monitoring
system later to join an EMS for heat, water,
emissions, etc.
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Fig. 2. Emission data

4. SYSTEM IMPLEMENTATION AT
INDUSTRIES AND BUILDINGS

Practical experience in Lithuania. The EMS techno-
logy is a good tool for permanent energy auditing
and for taking care of customers. In the last years
we have already installed the EMS at 12 industrial
plants and at a few administrative buildings. These
systems have been successfully working for 3-5 years.
Main benefits of EMS are associated with: 7) energy
management improvement due to better management
of process line operations and reduction of energy
consumption; ii) increased staff awareness about
energy saving; iii) load profile monitoring. EMS is
also very useful for follow-up of long-term energy
saving investments.

Interesting results were achieved at three indust-
rial plants in Kaunas, in which the EMS were ins-
talled and energy audits were carried out in 1995-
96. In 1999 we evaluated the information about the
3-year experience. Our experience has shown that
such systems increase the awareness of management
and allow achieving sufficient energy savings. The
system allows to save 7-15% of electricity (Fig. 3)
with the payback period for this investment less than
one year. Introduction of pre-set targets allows to
increase operator’s engagement into process control.
Operator’s competence and his willingness to im-
prove the process quality are very important in stri-
ving for better results. The EMS has confirmed its
usefulness and contributed to the process and pro-
duct quality improvement.

A special promotion campaign was launched for
the EMS implementation in the Lithuanian indust-
rial sector. This activity was carried out in the fra-
mework of the FEMOPET network (according to
the main contract between the FEMOPET - LEI
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Fig. 3. Electricity expenses per production unit

Lithuania and the European Union). The main ob-
jective of this activity was to improve the market
penetration of the new EMS technology and to fos-
ter the rational use of energy at the Lithuanian in-
dustries. We have used our recent experience in
DSM activities and developing computerized EMS.
After meetings and discussions with market actors,
including two seminars and EMS demonstration ses-
sions, a potential of energy saving resulting from
EMS in industry was evaluated to 180 GWh/year.
The first priority savings at 14 industries were esti-
mated to about 20 GWh/year, investments needed —
MECU 0.24. The meetings with market actors and
end-users fostered interest for installation of EMS -
about 14-16 industries expressed serious interest and
later six new contracts were concluded with indust-
ries for system installation.

the electricity subsystem were
associated with change of load
pattern and shifting of con-
sumption to less expensive ta-
riff zones. The payback of the
electricity subsystem was calculated including expen-
ses for personal computer and software development.
Results also show the benefits of the water and heat
subsystem implementation — payback periods are
rather short.

5. CONCLUSION

The new energy monitoring system developed in Lit-
huania has confirmed its usefulness and contributed
to the industrial process and product quality impro-
vement. The EMS influences the consumer’s beha-
viour in terms of electricity, heat and other kinds of
energy, including the environmental concerns. The
EMS technology is a good tool for the permanent
energy auditing and for taking care of customers.
The EMS promotes the economical operation of

Table 1. EMS in buildings
Project cost Annual energy Annual energy Money | Payback
consumption savings savings
USD kWh/yr kWh/yr USD/yr yr
Electricity Subsystem (1997)
6 meters ELGAMA - LZQM 3600 640000 13500 12200 0.93
Water Subsystem (1998)
3 meters DS 02 2100 6800 m3/yr 940 m3/yr 1040 2.02
Heat Subsystem (1999)
5 meters Multical, Clorius 3750 1800000 400000 11000 1.36
SUBTOTAL
PC & Software 9450
1. Personal computer & printer 1200
2. Multiplexer 1000
3. Communication lines 750
4. Software development 2750
5. System design and installation 2000
TOTAL 17150 13240 1.3
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energy facilities and allows to identify the possibili-
ties for energy saving. Operator’s competence and
his willingness to improve the process quality are
very important in striving for better results. Intro-
duction of pre-set targets allows to increase opera-
tor’s engagement into plant operation and energy
consumption control. The suggested system is fle-
xible and allows gradual expansion including addi-
tional processes, facilities or other kinds of energy.
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ENERGIJOS PRAMONEJE IR PASTATUOSE
MONITORINGO SISTEMA

Santrauka

Straipsnyje nagrinéjami energijos monitoringo sistemy su-
kiirimo ir jdiegimo klausimai. Nustatyta, kad optimali struk-
tlira turi buti trijy lygiy hierarchiné sistema, kuria sudaro

kompiuterizuotos ivairiy rii§iy energijos apskaitos, tyrimo,
analizes ir valdymo posistemés. Esant reikalui, galima pri-
jungti ir emisijy monitoringo posisteme.

ISnagrinéti atskiruose lygiuose sprendziami energijos ap-
skaitos ir monitoringo, vidinés vartojimo analizés bei tech-
nologiniy procesy valdymo uzdaviniai. Aprasyta sistemos
jdiegimo pramonés jmonése ir administraciniuose pastatuo-
se patirtis. Sistemos struktiira yra lanksti ir atvira: ja gali-
ma pradeti kurti, pvz., nuo elektros posistemes, o véliau pri-
jungti papildomus matuoklius ar naujas Silumos, vandens
apskaitos ir monitoringo posistemes.

Raktazodziai: energija, monitoringo sistema, vartojimas,
valdymas

Aasrumanrac Byp6a, ®enukcac Beaunckuc

CUCTEMA V11 MOHUTOPUHI'A DHEPI'MH B
IMPOMBIIIVIEHHOCTH U 3JAHUAX

PeswowMme

B crarbe paccMarpuBaroTCs IPOOIEMBI CO3IaHUS M BHEIpe-
HUS CUCTEM JUIi MOHHUTOPUHIA SHEPIUU. YCTAaHOBJICHO, YTO
ONTHMAJILHOW CTPYKTYpOH SBISIETCS HMepapXuyeckas
CUCTEMa TpPEeX YPOBHEH, B KOTOPYIO BXOAST KOMIIBIOTEPH-
3MPOBaHHBIE TIOICHCTEMBI IS y4eTa, MOHUTOPUHTa, aHaIn3a
n yrpasnenus. [Ipn HeoOXOIUMOCTH MOYKHO MOAKIIIOYHUTD
TIOJICUCTEMY ISl MOHUTOPUHTA AMUCCHH.

PaccmoTpeHbl 3a1auu y4eTa ¥ MOHHUTOPUHIA 3HEPTHH,
aHaJiu3a BHYTPEHHErO MOTPEeOICHUs U yNpaBJeHUs! TEXHO-
JIOTUYECKUMH TIPOLIECCaMH, pellaeMble Ha Pa3IM4HbBIX
HepapXUUYeCKUX ypoBHAX. OMMCaH OIBIT BHEIPEHHS CUCTEM
Ha MPOMBIIUICHHBIX NPEANPUATHAX U B aAMUHUCTPATUBHBIX
3gaHuax. CucTteMa UMeeT THOKYIO M OTKPBITYIO CTPYKTYpY:
ee co3/laHHe MOXXHO HAauMHATh, HAIPUMEp, C IMOJICHCTEMbI
JUISL DJIEKTPOSHEPTUH, a 3aTeM IOJAKIIOYHUTh JIOIOJIHH-
TEJIbHBIC CUETYMKH WJIM HOBBIE ITOJCHCTEMBI JUIsl yueTa U
MOHHUTOPMHIA TEIIa U BOJBI.

KuroueBble cioBa: sHeprusi, cucrema Ajasi MOHHTO-
puHra, norpedieHne, yrpasieHHe
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