Energy Management System Implementation Case Study
Republic of North Macedonia

REK Bitola

Snapshot

Business Case for Energy Management
REK Bitola is a coal-lignite thermal power plant with an
installed generating capacity of 700 MW. The plant
counts three 233 MW thermal blocks in operation, for
an annual net production of about 1.200 GWh
per block, and employs about 3,000 people. It is of a
strategic importance for the country.

Industry

Electricity generation

Location

Bitola, Republic of
North Macedonia

Energy Management System

ISO 50001

Energy Performance
Improvement Period

2016

Energy Performance
Improvement (%)

2.7 %

over improvement period

Estimated energy cost savings

322,000 Euro

over improvement period

REK Bitola is a branch of ESM – a North Macedonian
electricity production Joint Stock Company, which
includes
mines,
lignite
thermal
plants,
hydropower plants and windmills.

Cost to implement EnMS

17,300 Euro

Payback period (years)

20 days

REK Bitola has a distributed control system
for monitoring of electricity consumption which
enables a sound monitoring of every consumer
and process. However, only after adopting an energy
management system and regression analysis the
company became able
to
develop
detailed
information on energy performance, to monitor
and verify electricity savings and to promptly react
to deviations in consumption patterns.

Total Energy Savings

1

on EnMS implementation
8,055 MWh

over improvement period

Total CO2-e emission
reduction

7,540 tCO2-e

over improvement period

Business Benefits Achieved
The benefits experienced by REK Bitola as a result of
EnMS implementation include:

The main driver for energy management system (EnMS)
implementation was the pressing need to
improve competitiveness and operational efficiency
in view of the forthcoming liberalization of the
electricity market.

-

-

1

1

significant reduction of its own electricity
consumption and associated cost;
informed decision on selecting , prioritizing and
implementing no- and/or low-cost energy
performance improving measures;
improved operational control and reliability of
production;

The cost includes the value of technical assistance received by UNIDO
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-

reduced environmental impacts and carbon
footprint.

energy management system in the company. The
following section highlights key aspects of REK Bitola’s
approach to energy management.

In 2016, energy management system implementation in
REK Bitola resulted in the direct benefits showed in
Table 1 and Figure 1.

Top management commitment: Top Management of
ELEM provided necessary support to the energy team.
Additionally, the commitment and dedication of the
Energy Manager was key success factor.

Table. 1. Energy Efficiency Improvements and Benefits
Energy savings
GHG emissions reduction
Estimated energy cost
savings
Other non-energy benefits

8,055 MWh
7,540 tCO2-e
322,000 EUR

Roles and Responsibilities (RnR): Even though the RnR
have been clearly defined during the Commitment
Phase of the EnMS implementation programme2,
limited number of people had assumed their
responsibilities. A large public awareness event
contributed to building confidence in EnMS of the
production and maintenance staff. After demonstrating
early savings of electricity, the legal department joined
as well as the staff in charge of investment. Finally, a
large technical working group was established
extending through all branches of ELEM.

Improved company`s
image and environmental
footprint

Energy Performance Indicators and Baseline: the
regression model for setting the energy performance
baseline was tested with a large number of drivers,
however a model using production as only relevant
proved to be sufficiently strong. A top down and rather
conservative approach was taken to define a target for
energy savings (1% of consumption). Due to rich data
obtained from the company’s distributed control
system (DCS), a daily monitoring of performance was
carried out. Hence, it was possible to determine any
discrepancies between the actual and expected
consumption, then investigate the reasons and react
accordingly.

Figure 1. The graph shows target and actual normalized
cumulative savings against the 2015 energy performance
baseline. Electricity savings realized by REK Bitola in 2016
(orange) vastly exceeded the saving target for the year (blue).

EnMS Development and Implementation

Energy Savings Opportunities with costs-benefits
analysis: The Energy Saving Opportunities (ESO) list was
populated with inputs of the production and

Implementation of EnMS in REK Bitola was supported
by the GEF-UNIDO EnMS Capacity Building and
Implementation programme. Within the programme,
two representatives of REK Bitola received extensive
and advanced training on energy management systems
in line with ISO 50001, and worked closely with two
national consultants to implement a fully-fledged

2 The UNIDO EnMS implementation programme is structured in a
four-phase “Commit-Plan-Do-Check” cycle, based on the Plan-DoCheck-Act (PDCA) cycle for continual improvement.
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maintenance staff at the awareness event. Most ideas
comprised of simple adjustments of the existing
equipment`s operating regime and improvements in the
maintenance practices.

Table 2. Cost-benefit analysis
Cost of staff time
International + National Expert
support *
COST
Low-cost EE measures
[EUR]
Other Expenditures

Training and competencies: The ESO list included
specific training for the energy significant staff. Budget
for trainings was assigned.
Procurement: Some problems regarding the
procurement of energy efficient products and services
were encountered due to the limitations of the existing
legal framework forcing the publicly owned companies
to select the cheapest bid, without considering the
lifecycle costs and energy efficiency criteria.

4,200
9,100
1,000
3,000

Total cost [EUR]

17,300

BENEFITS

Energy savings [MWh]
Energy saving rate
Energy cost savings [EUR]
Non-energy benefits [EUR]

8,055
2.70 %
322,000
n. a.

PAYBACK
TIME

20 days

In the UNIDO EnMS CBI programme, the cost of technical support by
international experts and national consultants to partner enterprises
is covered by the project’s technical assistance.

Internal Audit and checking performance: Upon the
internal audit, only minor non-conformities were
identified. The EnMS worked very well.

Most significant projects implemented as a
result of the EnMS

Third-party certification: ISO 50001 certification was
not planned during the period when the international
assistance was available to REK Bitola. The Energy
Manager will propose certification to the Top
Management in due course in order to reinforce the
sustainability of the EnMS.

The ESO list of REK Bitola comprises no- and low-cost
energy saving measures which are mainly part of
improved operational control and maintenance
practices. A brief description of origins of the ideas and
implemented measures is provided below:

Resources and cost-benefit analysis

1. Through continuous daily energy performance
monitoring, a significant drop in energy
consumption was quickly detected. The anomaly
was traced back to forced draft fans operating in
1st electromotor speed instead of 2nd, due to a
failure of the speed change device in production
Unit 2 and 3. At the same time, the energy
performance model showed no significant
changes in the production regime and therefore
revealed a substantial, no-cost energy saving
opportunity. Considering the uncompromised
reliability of operations under the changed
operating regime of fans, new standard
operating procedures were defined so the fans

Table 2 summarizes the cost-benefits analysis of EnMS
implementation in 2016.
The overall payback time for EnMS implementation in
2016 is approximately 20 days. However, if only the
costs actually sustained by REK Bitola (i.e. staff time,
low-cost energy efficiency measures and other costs)
are taken into account, the payback time is as short as 9
days.
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allowed to successfully optimise the pressure
and temperature in the condenser and save 504
MWh electricity in 2016.

ran in first speed only. As a result, 6.063 MWh
annually are being saved annually compared to
the 2015 baseline.
2. The energy performance analyses carried out
during the planning and implementation
activities showed that the voltage upon
switching on the fans and pumps was not
optimally controlled, and therefore an
unnecessary high voltage was forced by the
operating staff. To mitigate this, an improved
control and regulation of the voltage of SEUs was
implemented setting the standard voltage at 6
KV. As a result 169 MWh of electricity are saved
annually.
3. By analyzing maintenance practices, it was
understood that maintenance staff often had to
delay cleaning of water cooling tubes because

Table 3 provides an overview of the most important
energy saving measures implemented or under
implementation and the associated electricity and cost
savings.

Drivers to Success and Behavioral Change
The following elements were instrumental to drive
successful EnMS implementation:


the condenser was not shut down or at least
emptied on one side when cleaning was due. In
order to improve the efficiency of the
condensation turbine and control / increase the
vacuum produced in the steam condenser, an
automatic cleaning of cooling tubes (so called
Taprogge system) was introduced. The systems



EnMS tools were instrumental in identifying
Significant Energy Users (SEUs): pumps, fans
and coal mills account for 86% of the total
electricity consumption. It therefore helped
focus the analyses and targeting energy saving
opportunities.
Even though REK Bitola ran a sophisticated
electricity consumption monitoring system, only
by using the regression analyses the energy
team could understand the monitoring results

Table 3. Main energy saving measures implemented or under implementation (2016)

ID

1
2
3
4
5

Description of measure/project/
action
FD fans working in first speed
Work with 5 mills in case of
operations with reduced power
Regulation and control of 6 KV
voltage at SEUs
Fixing air leaks in flue gas duct after
air pre-heater at Unit 2
Optimizing vacuum of the condenser
by automatic cleaning (taprogge
system) of water cooling tubes

Estimated/Actual (Annual) Savings
Service

Total Cost
(euro)

Payback
(years)

Electricity [MWh]

Cost (euro)

Electricity

6.063

242.512

0

0

Electricity

0

0

0

0

Electricity

169

6.791

0

0

Electricity

0

0

0

0

Production

504

20.160

Operation
cost

1
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and reveal actual energy performance
Awareness raising event contributed to greater
engagement of all departments` managers and
highly qualified engineers of REK Bitola; it also
stimulated greater commitment of the Top
Management at ELEM.
Frequent monitoring of energy performance
ensured that all variations in consumption are
captured and in case of consuming more
electricity than expected, responsible staff were
engaged in identifying reasons and taking
corrective actions.
Some ideas for energy saving had to be tested
by multiple staff bringing in necessary expertise
and experience. In order to form such
heterogeneous teams, existing procedures set
under the ISO 9001 standard had to be
modified. After testing, some ideas proved to
be feasible while the others were discarded.
Nevertheless, the process was interesting and it
demonstrated a good practice.
After exceeding the energy saving target during
the first year of EnMS implementation, the Top
Management decided to extend and replicate
the EnMS to all subsidiaries of ELEM: the mine
and hydropower plants. A technical working
group has been established by representatives
of newly assigned energy managers of
subsidiaries. The REK Bitola team guided and
mentored the newcomers.









During the EnMS implementation the following
measures were carried out to overcome these barriers:


Barriers and Lessons Learned
Until the EnMS consolidated, various barriers were
encountered, such as:


could not imagine that the implementation of
ISO 50001 will not interfere with the existing
ISO and other standards` driven procedures and
will not require complex documentation.
The prospects for extending the existing list of
identified energy saving measures (mostly
investments) by using the EnMS tools and
processes were not realised by the Top
Management.
Indeed, it was difficult for them to understand
that improved energy efficiency is possible
without mobilising high investments: Top
Management could not envision that significant
savings of electricity (and cost reduction) could
be achieved by simple interventions, such as
adjusting the operational regime of existing
equipment or improving the maintenance
practices.
The awareness of staff regarding industrial
energy efficiency and the associated benefits
was rather low.
Staff were not appreciative of taking over
additional work required for the EnMS
implementation.

An awareness raising event was held to build
greater commitment of the Top Management
and the staff. The venue was located in a
National Park, offering a full engagement of
participants, free of any disturbance. The
energy manager presented the EnMS process,
benefits and possible ways for contributing to
saving of energy by every person that can
influence consumption. He was able to drive
the discussions and collect various ideas for
energy savings. The process built enthusiasm
and paved the way towards better

ELEM Top Management was hesitant to initiate
the implementation of another ISO standard,
next to already certified ISO 9001, ISO 14001,
and OHSAS 18001 standards. Top Management
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communication and collaboration among
various departments.
Afterwards, a working group was formed to
further develop, test and materialise the ideas.
Daily, weekly and monthly reports were
generated and submitted to the Top
Management.
Top Management was informed regularly about
the progress and results and provided
continuous support. After the top five energy
saving projects were selected, technical working
groups were formed and attached to every
project to proceed with necessary preparations
(including testing and consultations with
external experts) and implementation.






The critical driver for success, however, was the early
and substantial savings in draft fans operation identified
thanks to energy performance monitoring, and the
consequent change in standard operational procedures
implemented as part of EnMS.

Effectiveness of communication flows among
various departments improved.
The operational control and maintenance was
improved and productivity increased.
The successful work conducted in 2016
reinforced the company’s commitment towards
and confidence in EnMS. It also led to the Top
Management’s decision of expanding energy
management to all subsidiaries of the ELEM
group. Energy managers were assigned to the
subsidiaries and formed a technical working
group, under the guidance of REK Bitola’s
energy management team.
In 2017, through sustained and reinforced
energy management, REK Bitola was able to
exceed the electricity savings realized in 2016,
once again implementing no- and low-cost
energy efficiency measures only.

Results and Conclusions
REK Bitola was able to achieve the following successful
results during the EnMS implementation:






Two staff of REK Bitola became UNIDO certified
EnMS experts. These certificates were valued by
the Top Management and middle level staff and
the confidence in the EnMS increased. After
receiving the certificate, the Energy Manager
was engaged as a UNIDO EnMS expert / trainer
in the UNIDO EnMS CBI programme in Georgia.
Substantial electricity savings were realized in
the first year of EnMS implementation (8,055
MWh or 2.70% of consumption in 2106),
exceeding the saving target set for the year.
The competence of staff on energy efficiency
and EnMS improved.

Fig. 2. Improvement of energy management practices in REK
Bitola. The diagram shows the company’s assessment, before
and after the EnMS implementation programme, of twenty
parameters associated to key energy management practices
and processes.
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Annex: What is an Energy Management System (EnMS)?
Energy Management Systems offer organizations a systematic approach to manage energy use. It is about actively
managing people, energy information, technology and day-to-day operations in order to improve energy performance.
Energy Management Systems entail

Management
participation

 Securing top management’s commitment to
support the change, provide necessary
resources and establish accountability among
employees involved,
 Establishing a set of business processes to
ensure optimum use of available resources,
cooperation between departments to
achieve a common goal and clear roles and
responsibilities for all personnel involved,
 Identifying Significant Energy Users and
developing Energy Performance Indicators,
 Developing action plans to improve energy
performance,
 Training and raising awareness within the
company’s personnel,
 Review and continuous improvement of energy
performance and of the management system
itself.

Management
Responsibility

Management
Review

Yes

Policy

Planning

Checking

Implementation
& Operation

Day to day
operations

EnMS in line with ISO 50001 are based on the Plan-DoCheck-Act cycle for continual improvement, illustrated
in Figure 3.

Figure 3. ISO 50001 EnMS Structure (Source: UNIDO EnMS Programme)

What EnMS can achieve: non-energy benefits
While the main goal of EnMS is to improve an organization’s energy performance, save energy and reduce costs,
well-implemented energy management can deliver a wider set of non-energy benefits. Improving energy efficiency
can, for instance, reduce water and raw material consumption as well as emission of pollutants. It can also lead to
higher productivity and competitiveness, improved products and processes, reduced unplanned downtime, lower
O&M costs and longer equipment lifespan. Ultimately, systematic and good management of energy resources offers
a tool to improve energy security and business resilience and can result in a better working environment for
employees. When integrated into energy efficiency assessments, non-energy benefits help strengthen the business
case for EnMS and energy efficiency, better inform investment decisions and substantiate the strategic role of energy
management and efficiency in industrial enterprises.
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