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Introduction

Among its national priorities, Tajikistan attempts to fully implement its national Law on
energy conservation and energy efficiency, which was adopted in 2013. According to
this law, actions such as performing energy efficiency audits and transfer of
international expertise and approaches are envisaged.
The Small and Medium Enterprises (hereafter referred to as “SME”) represent a
significant share in end-use energy consumption. However, actions to improve energy
efficiency vary from simple, low–cost measures to more expensive and technically more
complex investments, as mostly know as passive energy efficiency measures, often not
affordable without financial support offered by the Government or other institutions.
But mostly also hidden and not well considered are also active energy efficiency
measures where energy and water usage is lowered while changing the behaviour of the
users, the operation of equipment or raising the energy management in each SME.
Unfortunately, there is often the misconception among SMEs that only investmentintensive and state-of-the-art technologies can help in energy management, hiding the
need for simple, down-to-earth, cost-reducing measures in daily operations. Due to low
knowledge and insufficient capacity in this area, the importance to educate the
concerned actors in the country in efficient energy management is a current Tajikistan
priority.
This report is a follow-up to 7 energy audits conducted in the Sughd region of the
Republic of Tajikistan, mainly in and around Khujand. The energy audits were short
preliminary energy audits (considered rapid energy audit or walkthrough audit with a
one-man day walk-through and analysis) with the aim to provide support to SMEs in
areas of capacity building, improving the production capacity and consultancy. All 7
SMEs are completely different companies. The report is set so it can be replicated to
similar companies, as also the measures, the guidelines and the methodology is
structured so it can be replicated and scaled-up to different applications.
Given the importance of energy and water costs and their constant tendency for
increase the project is intending to implement some first steps and initial measures on
energy efficiency as an important cost reduction opportunity for SMEs and also as for
“greening” jobs and economy.
Improvement of economic activity and production capacity of the SMEs by enhancing
energy efficiency, introducing energy management and green procurement is important.
Also, the report aims to set up the principles and approaches for conducting energy
audits, set up an efficient Energy Management System and Green Procurement.
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Energy audits
About
Energy audit of a building is a key step in the analysis of efficiency of energy and water
consumption. Namely, the energy audit is an inevitable step for the control and
reduction of consumption of energy and water sources, efficient energy management
and understanding of the operation and systems, maintenance, monitoring and doing
energy efficient action plans. Recommendations for the change of working mode or
behaviour as well as recommendations for application of interventions and realisation
of investments which help achieve the improvement of energy efficiency without
jeopardising working conditions in the facility are an integral part of the energy audit.
Today, energy audits vary from preliminary to detailed and investment grade audits,
and in Europe energy audits are a integral part of policy and a duty of public buildings
and industry including the input data for energy certification.
By the book:
An Energy Audit represents an overview of the energy and water consumption of a
building from the collected and processed data related to the consumption of all energy
and water consumption systems in order to assess the potential for possible energy
efficiency measures and savings.
Energy Efficiency means reducing energy and water consumption but keeping or
improving the working conditions, quality of service or production process. So, as often
seen in the Republic of Tajikistan energy efficiency is not simply reduction of energy and
water consumption. During the field work during this project often implemented
measures have been observed and energy consumption thus costs was reduced but the
working conditions have been lowered and the quality of the systems too.
For example, as all SMEs visited in this project were relatively new with production lines
and systems not older then 2013 and buildings refurbished in the last couple of years.
But still, in some new implemented lighting systems based on LEDs the new lamps do
not substitute the old lamps with light intensity and the quality of light. Also, none of the
projects have been implemented through a functioning Energy Management System
team or through the Green Procurement action plan. The equipment which was bought
is often low quality (third class) equipment which is new but has the efficiency of 20
year older standard equipment (for example, new third class Chinese electromotors
with an efficiency of 82%). Not always do projects result in energy efficiency, but also
economic and environmental efficiency. Sometimes a measure will result in energy
savings but not economic. Still, the quality of the product or the comfort may be raised
and projects like this should also be considered in the companies Energy action plan.
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Methodology of energy audits
Basically, a general energy audit represents the gathering and processing of data in
order to be able to understand the ways of energy and water use, identify potential
energy efficiency improvement measures and create foundations for possible
application of simple measures or preparation and implementation of a detailed energy
audit, see picture below.

Figure 1. An energy audit in segments

Results of the energy audit give answers to the following questions:
•
•
•
•
•
•

In what way and where are energy and water used in the analysed building?
What is the efficiency of energy and water consumption in the analysed building?
What is the referent energy and water consumption?
What are the referent energy and water costs?
What are the impacts on the environment, which are the consequence of building
use and are they in line with the relevant legal provisions?
What measures for improvement of energy and water consumption efficiency are
economically justified and what interventions are necessary to satisfy the legal
provisions?

Thus, the conclusion of the energy audit is represented through a list of measures and
interventions, and the implementation of which would achieve savings in energy and
water consumption in the building and at the same time satisfy legal provisions.
So, each energy audit starts with an initial meeting defining:
• communication methods with the client,
• defining contractual obligations,
• initial, "kick off", meeting and modality of next meetings.
In the beginning it is advised to start with:
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•

•
•
•
•
•
•

•

gathering of basic information on the company and production process (with an
initial questionnaire to “get to know” the company and the processes before the
initial visit so each expert can prepare for the task),
general information about the company,
climate data regarding the region,
data on energy and water consumption,
data on tariff systems for all energy sources and water,
data on energy sources available on the site,
data on production process and achievements in the production,
data on previously implemented measures of energy efficiency.

If it is a general energy audit, a questionnaire for collecting data on energy consumption
and activities carried out on site are submitted to the client at the first meeting,
immediately after signing the contract. Example of a questionnaire for collecting data on
energy consumption and activities on the site may be found in Annex 1 of this Report. If
it is a detailed energy audit, then each of the proposed measures for a detailed analysis
is passed through once again together with the client.
Whenever possible, the questionnaire should be delivered to the client in electronic
form. Also, next to the questionnaire it is necessary to submit instructions for filling the
information on the person who will be available to the client, and may help them in
completing the questionnaire per his phone or e-mail. It should be noted that it is the
responsibility and task of the consultant to gather all necessary information about
energy and water consumption in the analysed facility and that the questionnaire
is only one of the tools to get to the data.
After processing the data from the questionnaire it is possible to start planning a visit to
the site and carrying out the general energy audit. During the visit, the consultant
clarifies all ambiguities arising from the questionnaire that could not be cleared by
phone or e-mail and gets more familiar with the activities on the site, energy systems,
energy management, technical characteristics of the building, and ways of managing and
maintaining the building.
Also, during the visit it is necessary to secure a meeting with a member of the Board of
the company that has ordered the energy audit and that is the owner or user of the
building because of their crucial support in the implementation of the energy efficiency
programme. At this meeting it is necessary to explain once again to the client that
without a systematic approach and implementation of the general and detailed energy
audit there is no guaranteed cost reduction. Specifically, entering an investment without
a high-quality recording of the previous state as well as analysis of the future state can
lead to failure.
The requirement for a quality energy audit (energy audit can no the performed
without) are energy and water bills for at least a full year. The best option is 3 full
years and the last months of the actual year.
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Figure 2. An energy audit - a detective approach

At the moment the case in Tajikistan is that no company want to hand out the real
energy and water consumption. The clients are afraid the data will get shown publically
and they could get problems with the authorities as they are not reporting the real
energy consumption to the local authorities thus paying less tax.
However, for a functional energy audit real data has to be analysed. For the stated 7
energy audits of the selected SMEs several different sets of data have been collected
where the real consumption was collected after some iterations and requests. Still, the
data shown in the energy audits can not be confirmed and was used by the experts in the
energy audits with care and caution. In addition, the energy audits of the selected SMEs
are a special rapid preliminary energy audit (1 man-day in the field, 1 man-day for a fast
analysis) then the methodology described here below. However, the idea was to find fast
quick and efficient solutions in 7 different companies leading to possibilities to replicate
the measures, but also plan new more efficient systems, while setting up the grounds for
similar future projects.
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Systems to be audited
During the first visit the following segments should be audited:
1. Building envelope data required:
• Surfaces and sizes, orientation and building characteristics (roof, floors,
windows, walls etc.),
• The working schedule of the building, the number of workers,
• The heated and cooled area or volume,
• The referent climatic data.

Figure 3. Building envelope of different building types

For example, not only systems and envelope should be examined, but also the operation,
maintenance and quality of the structure. On the middle picture on the above shown
figure 30% of open windows can be observed during a winter month and full operation
of the heating system which can lead to possible conclusion overheating of specific
rooms, the low quality of the regulation system, no energy management, bad heating
system balance or similar.
2. Heating system data required:
• The characteristics of the heating system, the boiler, the distribution system
and the medium, the heating elements (radiators etc.),
• Working schedule, power and efficiency, regulation, maintenance,
• Hydraulic balance of the system,
• Connection to other systems (DHW or steam).
The heating system is not only the boiler, but also the distribution system, end heating
bodies (radiators, ventiloconvectors and similar) and the regulations system which
should be audit also. Fuel change should be always considered. During the field visit ad
the energy audits of the 7 selected SMEs none of the heating systems had specific
regulation (mostly only ON/OFF function or basic regulation of water temperature).
Quality system regulation can lead to up to 10-15% of savings.
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Figure 4. Example of heating system parts to be audited

3. Domestic hot water (hereafter referred to as “DHW”) system data required:
• The characteristics of the DHW system, the distribution system and the
medium,
• Working schedule, power and efficiency, regulation, maintenance,
• Connection to other systems (connection to heating system, connection to
alternative systems, etc.).

Figure 5. Example of DHW systems to be audited

The usual praxis found in the DHW systems in the selected SMEs was that if even a
centralized heating system exists the DHW is not prepared with it. Additional electric
boilers are used and are not shut off during low DHW demand. Also, the DHW systems
are run on maximum power leading to high losses and to possible danger of scalding.
Basically, this systems are not accepted in new systems today but still work well in
Tajikistan due to low electricity prices. In future if the energy and water prices will rise
the energy costs will be significant.
4. Cooling, ventilation and airconditioning system data required:
• The characteristics of the systems, the distribution system and the medium,
the cooling/ventilation elements (convectors, fans, etc.),
• Working schedule, power and efficiency, regulation, maintenance,
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•
•

Split systems,
Connection to other systems (cooling, refrigeration, etc.).

Figure 6. Example of cooling systems and parts to be audited

5. The electricity consumption system data required:
• Indoor and outdoor lighting system, number of lamps, power, operating
hours,
• All other usual and specific equipment, power, operating hours,
• Overall efficiency, regulation and maintenance.
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Figure 8. Example of alternative energy solutions to be audited and considered (from the left, photovoltaics,
solar thermal applications, biogas power plants)

7. The water supply system data required:
• Pressure control system?
• Number and type of water sources and end-user appliances
• Are there any alternative water sources?
• Is there any water running when no one is using it?

Figure 9. Examples of parts of water supply system to be audited and examined

After the data collection the energy and cost balance is made as a start into the
analysis.
Energy balance represents consumption of individual energy sources in total annual
energy consumption. Cost balance represents the costs for individual energy sources
and water. Energy and cost balance need to be connected with the activities in the
building and in this way open the way to understanding why and how much energy and
water is spent and how high are the related costs.
Energy and cost balance are made on the basis of bills received for used energy sources
and water. During the performance of energy audit it is necessary to gather data on
energy and water consumption at least for the previous year and all previous months of
the current year in order to get a better idea on the energy and water consumption and
associated costs. Gathered data are presented in the report as graphics and table.
An example of an energy balance is given in the figure below. An energy balance of a
building implies all energy losses and gains. The more thoroughly each energy balance is
done the more exact the energy efficiency measures can be calculated and the analysis
can be done.
An example of an energy balance is given in the next figure.
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Electricity
45.6%

Natural gas
54.4%

Figure 10. Energy balance of a building

The next figure shows an example of a cost balance where water is included in the
analysis.
Water
15.8%

Electricity
52.1%

Natural gas
32.1%

Figure 11. Cost balance of a building

The next figures show the energy balance for electrical energy consumption of different
systems and a detailed energy balance for electrical energy consumption of electrical
lighting in a building.
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Electromotor
for elevators
3.4%

Other
1.2%

Office
equipment
30.8%

Kitchen
appliances
2.0%
Outdoor
lighting
1.0%

Heating
system
(pumps etc.)
36.2%

Boilers for
DHW
4.7%
Indoor lighting
20.8%

Figure 12. Energy balance for electrical energy of the building

Highpressure
mercury lamps
0.3%

Halogen bulbs
1.2%

Halogen lamps
- Outdoor
3.5%

Fluorescent
lamps Outdoor
1.3%

Incandescent
bulbs
0.9%
Fluocompact
bulbs
21.9%

Fluorescent
lighting with
magnetic
ballast
23.0%

Fluorescent
lighting with
electronic
ballast
47.8%

Figure 13. Energy balance - electrical energy in lighting

The balance is done by analysing specific equipment, performing measures and mostly
calculating (modelling) the consumption from installed power and operating hours.
Specifically, the heating energy should be calculated from the raw material (energy from
coal, gas etc.) to the end consumers (heating bodies, production process etc.) including
all losses. An example of an energy balance for natural gas is shown in the figure below.
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4%
19%

Heating
(convectors)
Heating (radiators)

2%

Heating distribution
losses
Boiler losses
75%
Figure 14. Energy balance of natural gas consumption

The same can be done for the water consumption if detailed analysis is required as
shown on the picture below.
Losses
11.2%

Toilets
28.6%

Car wash
17.7%
Other
3.5%
Kitchen
24.6%

Taps
14.3%

Figure 15. Balance of water consumption

The second stage of analysis is the yearly consumption chart during all months. By
analysing energy and water consumption during a year through all available years it is
possible to see how the consumption fluctuates and on what it depends.
From the figure below, which shows electricity consumption and maximal power
engaged in one month, can be seen that the electricity consumption increases during the
summer months leading for example to the conclusion that electrical energy is used also
for cooling in summer months. The slight increase of electrical energy during the winter
months is due to shorter daytime period and use of more indoor lighting.
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700
600

Electricity[kWh]

200,000

500
150,000

400

Power[kW]

250,000

300

100,000

200
50,000

100

0

0
Months

Figure 16. Example: Electricity consumption and maximal power in one year

The figure below shows an example of natural gas consumption during one year where
the consumption increases in the winter months. During the summer months there is no
consumption as the building has no kitchen or does not prepare DHW with natural gas.
450
400
Natural gas [MWh]

350
300
250
200
150
100
50
0
Months

Water consumption [m3]

Figure 17. Example: Natural gas consumption in one year

2,000
1,800
1,600
1,400
1,200
1,000
800
600
400
200
0

Months

Figure 18. Example: Electricity consumption and maximal power in one year

The energy balance should be done thoroughly not to exclude major systems and
consumers. On the figure a poorly made balance is shown where most of the electricity
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consumption falls under the category “Other”. The rest of the consumption which is not
analysed in detail categorized as “Other” should be in each energy audit under 10%.

Electricity consumption (kWh)

100000
90000
80000
70000
60000
50000
40000
30000
20000
10000
0
Oflices

Kitchen
appliances

Heating system
pumps

Other

Figure 19. Example: Poorly done energy balance for electrical energy consumption

Measurements
Standard:
• Temperature and humidity
• Surface and sizes of building envelope (laser distance meter)
• Lux measurement (luxmeter)
• Electricity data (active and reactive power, energy, power factor etc.)
• Surface temperature
Advanced:
• Thermo camera (thermography)
• Water pressure and consumption (ultrasound)
• Ventilation losses, air penetration (blower door test)
• Boiler efficiency measurement (direct and indirect, waste gasses etc.)
• Measurement of building envelope heating conduction
On the next figures some examples of measurements are shown, thermocamera,
measurement of flow and pressure and the diagram of pressure fluctuations.

Figure 20. Some examples of measurement (from the left: thermo camera, measurement of flow and pressure
and the diagram of pressure fluctuations)
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On the next figure the measured nighttime water consumption of 0,7 liters/second is
shown on a daily diagram from the measuring equipment which was left to log the
losses.

Figure 21. Example of measurement -

Nighttime water consumption (0,7 liters / second)
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Energy efficiency measures
The Energy Efficiency measures (hereafter referred to as: EE measures) should be
calculated according to referent energy consumption (real consumption from
energy and water bills). The EE measures should be technically, ecologically and
economically evaluated, they should be calculated transparent (all input and output
data should be given) and according to local norms and laws.
Basically, the EE measures can be divided into Active and Passive EE measures.
The Passive EE measures are investments in efficient equipment where the new more
efficient system brings passive energy and water savings by being more efficient.
The Active EE measures are change of behaviour, quality energy management, raising
conscious for efficient use of energy and water, an energy and environmental policy and
action plan, all sets of EE measures with behaving in an active way in raising energy
efficiency.

Active

Passive

Figure 22. Active and Passive energy efficiency measures

20

Energy Management System
Energy Management System (hereafter referred to as: EMS) is an integrated
management approach concerned with the energy and environmental performance of a
plant. Consequently, when we refer to Energy and Environmental Management, it
always relates to the energy and environmental performance of a process that uses
energy and other resources, and the performance of people who operate the process. In
fact, any energy and environmental management has to focus on people and the way in
which they operate and maintain machines and processes as the key factor for
optimization of energy and environmental performance. For large companies,
manufacturing activities should be broken down into areas with specific process
operations or tasks with recognizable inputs, activities, and outputs. Performance
improvement will come as a result of implementing optimized operational procedures at
the work floor level.
When manufacturing processes are complex, a high level of knowledge and adequate
process inform- action will be required for performance evaluation and management
with continuous monitoring, control and follow-up information, supported by accurate
measurement of data on energy, production and environmental impacts.
Therefore, applying the EMS requires a performance measurement system and involving
people with advanced evaluation skills and the ability to make decisions supported by
the necessary information.

Figure 23. Concept of an Energy Management System

On the figure below an example of the effect of a functional energy management system
can be observed. The example shows the consumption from a free online EMS (Energy
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Management Information System – EMIS, developed in Croatia by UNDP Croatia)
software that was introduced with the EMS. In January a high consumption of water can
be observed. This consumption of over 200.000 Somoni (calculated from local currency)
was thought to be the normal consumption of water for years of operation. After
introducing weekly analysis of energy and water consumption (the building did not
work during weekends, on Monday morning and Friday after the work a worker from
the building read the readings on the meters and wrote it down) high losses in the water
supply system were observed because the weekend consumption was high while
nobody was in the building. This single worker is the first stage of a functional EMS.

Figure 24. Example of water pipe losses and repair after introducing EMS

The EMS can be a single person keeping track of daily or weekly energy and water
consumption, but can also be a sophisticated system with measuring equipment and
online data logging, allowing data analysis in the software, measurement, verification
and monitoring of results, doing energy action plans (functionality of the EMIS).
The praxis in the audited SMEs was that no energy management was present. The only
exception was LLC Fortuna were one person is keeping track of the systems and the
energy efficiency projects but is not specifically assigned by the company as a person for
Energy Management. However, the EMS is easy to assemble especially in the private
sector where measures are implemented much easier then in the public sector. The best
solutions in the public sector are observed while EMS becomes a part of the national
policy and Energy Action Plan.
Also, not only the EMS was not established in all SMEs, but on occasion the management
did not know the exact costs for energy and water they are spending and what is the
price for energy and water they are paying. This knowledge is a key factor of any EMS.
An additional set of measures to work on, is the low conscious for energy efficiency and
environmental protection. During the energy audit visits one SME was refurbishing the
administration building changing the windows and painting the building envelope. This
SME has its own production of polystiren for thermal insulation of walls but did not put
any polystiren on the walls of the building. The building is the only heated and cooled
one of the complex but the conscious about environmental protection is still not
developed were decisions of implementing such measures are not of the interest of the
responsible due to low energy prices.
So, to conclude, Energy Management is concerned with the efficient use of energy, water
and other material resources, waste minimization in manufacturing operations and
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continuous improvement of performance of resources use in a company. Energy
management specifically links and relates energy use to production output, aimed at
achieving the required level of output with the minimum use of energy and other
resources. Energy management implements an energy policy, sets its goals and
expectations, establishes a system for monitoring energy performance and implements
procedures for continuous energy performance improvements.
An important part of the EMS is also the Environmental Management that should
consider the relevant legislation, regulation and standards and should aim at achieving
environmental compliance, controlling and reducing pollution and environmental
impacts from resource use in industrial operations. The evolution of environmental
management shifts the focus from compliance issues to a more risk-based focus on
potential liabilities associated with pro- cess changes and day-to-day operations. The
business value of environmental management comes from fewer impacts on the
environment, reduced risk of accidents and reduced costs of compliance.
It is surprising to see how many companies, having analysed their environmental costs,
discover that these costs are at an order of magnitude higher than the company initially
supposed.
These costs arise from:
• capital and operational costs for pollution control equipment;
• waste disposal fees;
• environmental training;
• monitoring, record keeping and reporting, etc.
Environmental management establishes and implements an environmental policy, sets
its goals and expectations, establishes a system for monitoring the environmental
performance of industrial facilities and implements procedures for continuous
environmental performance improvements and reduction of present and avoidance of
future environmental compliance costs.

23

Figure 25. Active and passive EE measures and EMS

Complete established EMS means:
•
•
•
•
•
•

improved operational and maintenance procedures,
improved controls (involves both people and technology),
waste avoidance and minimization; efficient equipment, and above all skilled and
dedicated people,
organizational structure with reporting procedures,
analysis of energy and water on a weekly basis, monitoring and verification of
savings,
energy efficiency action plan.
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Set of standard EE measures to be introduced
EE measures in the building envelope:
• thermal insulation in floors, walls, roofs,
• more efficient windows, doors and glazing,
• EE measures in interior,
• reduction of ventilation losses.
Introduction of renewables:
• solar (thermal and PV) and wind,
• biomass,
• biogas plants,
• alternative water sources,
• etc.
EE in the cooling system:
• changing of energy, using waste heat for ap(d)sorption,
• centralization of the system,
• changing the equipment, EE measures in the generation and distribution
system and convectors,
• EE in regulation,
• EE in energy storage (ice bank).
EE in the ventilation/airconditioning system:
• changing of working parameters,
• hydraulic balancing,
• automatization,
• EE in auxilary equipment (pumps, ventilators etc.),
• thermal insulation of distribution system.
EE in the other electricity consumption system:
• changing tariff model,
• power management (if max. power beside energy is paid too),
• reactive power compensation.
EE in the other electricity consumption system:
• indoor and outdoor lighting (cleaning the luminaries, changing the ballasts,
changing the bulbs, EE in regulation),
• EE in electromotors (changing, frequency regulation),
• EE measures in other specific system (change, better efficiency, regulation,
maintenance etc.).
EE in the water consumption system:
• pressure regulation,
• alternative water sources (rain water etc.),
• EE in distribution and end-user system (pipes, taps, toilets, showers etc.).
EE measures should be given separate, with the results as no other EE measure will be
implemented, EE measures should be commented with the chronology of
implementation and some correlating EE measures should be given in interdependence.
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Case study: Choosing indoor lighting
During the field work and performing the rapid energy audits of 7 SMEs the problem of
inadequate lighting was seen often. The lighting system is not chosen by light quality
and purpose, there are no standards regarding illumination of the work place and often
energy efficiency measures performed included energy reduction but did not bring
improvement in light quality or enough lumen output. Almost all SMEs did change older
light sources with LEDs which often are low quality LEDs with less lumens then the
replaced lamp, the color rendering is poor and the users complain on color temperature
which they did not know how to choose.
The European norms place a clearer emphasis on the importance of daylight and the
requirements it contains generally apply to both daylight and artificial lighting. Where
requirements apply to only one or the other, the fact is specifically pointed out:
• glare rating,
• uniformity specifications do not apply to daylight from the side,
• differentiation of the maintained illuminance uniformity,
• definition of a “background area” in addition to the task area and the immediate
surrounding area,
• introduction of cylindrical illuminance and modeling as criteria for assessing
lighting in the interior space,
• wall and ceiling illuminance requirements for balanced luminance distribution,
• definition of an illuminance grid,
• harmonious luminance distribution,
• adequate illuminance for the interior areas, task areas or activity areas listed in
the tables “Schedule of lighting requirements”
• good uniformity,
• limitation of direct and reflected glare, including veiling reflections,
• correct directionality of lighting and agreeable modelling,
• appropriate color rendering and color appearance of the light,
• avoidance of flicker and stroboscopic effects,
• quality of daylight,
• variability of light.
The criteria “colour rendering” and “colour appearance” are not covered in more detail.
Basically, the standard regards Ra > 80 as a minimum requirement for constantly
manned work stations and Ra > 90 for work stations with special colour matching
requirements.
The important three factors used for energy efficiency in electrical lighting but also in
projects where at least 30% of the indoor lighting is changes or considering Green Public
Procurement are:
•

Luminous efficacy is a measure of how well a light source produces visible light.
It is the ratio of luminous flux to power or as stated lumen/W.
This indicator shows directly how much luminous flux or light will be produced
by how much electrical power (during a specific time actually referred to as
electrical energy) it consumes. So, the conditions of the EMS team and Green
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Public Procurement should be implementing those measures which give the most
lumen/W (lumen output / power input).
The values of luminous efficacy of different light sources commercially available at the
moment on the market are shown in figure below.
Table 1. Standard luminous efficacy of different light sources

Type of light source
Incandescent
Halogen
Compact fluorescent
Fluorescent tubes

LEDs
High pressure mercury lamp
High pressure sodium lamp
Metal halide lamp

Lumen/W
Up to 17
Up to 24
Up to 75
From 60 to 80 for old fluorescent
tubes, 80 to 100 for standard
fluorescent tubes type T8, up to 105 for
new generation fluorescent tubes type
T5
From 60 to 95
15 - 60
85 -150
65 - 115

The energy efficiency of LEDs has increased substantially since the first general
illumination products came to market, with currently available lamps and luminaires
having efficacies more than three times as high as the best products from 2005. So the
important task of the EMS team is to procure the light source with the highest efficacy.
Following this input value is a general rule in deciding how many luminaries and light
sources are needed to sustain the same illumination of the work spaces or, if choosing
the lights with more lumen/W as the ones before, raising the overall illumination of the
indoor work place.
•

Correlated color temperature is a term used in general illumination which
relates to the color of light produced by a light source, and uses the Kelvin
temperature measurement scale (SI unit of absolute temperature). It describes
the relative color appearance of a white light source, indicating whether it
appears more yellow/gold ("warm") or more blue ("cool"), in terms of the range
of available shades of white.
It is important to know that each light source can produce a certain variety of
color temperature, some more, some less, and this factor should be considered in
new projects and Green Public Procurement.
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Figure 26. Example for color temperature

•

Color rendering index (hereafter referred to as CRI) is a measure of a light
source's ability to show object colors "realistically" or "naturally" compared to a
familiar reference source, either incandescent light or daylight.
It shows how intense one sees the colors, how colorful or more grey the objects
look. Color rendering describes how a light source makes the color of an object
appear to human eyes and how well subtle variations in color shades are
revealed.
The CRI is a scale from 0 to 100 percent indicating how accurate a "given" light
source is at rendering color when compared to a "reference" light source.
The higher the CRI, the better the color rendering ability. Light sources with a CRI
of 85 to 90 are considered good at color rendering. Light sources with a CRI of 90
or higher are excellent at color rendering and should be used for tasks requiring
the most accurate color discrimination.

The values of the CRI of different light sources commercially available at the moment on
the market are shown in figure below.
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Table 2. CRI values of commercially available light sources

Type of light source
Incandescent
Halogen
Compact fluorescent
Fluorescent tubes

LEDs
High pressure mercury lamp
High pressure sodium lamp
Metal halide lamp

CRI (%)
Close to 100
Close to 100
From 80 to 90 (some over 90)
From 60 to 80 for old fluorescent
tubes, 80 to 90 for standard
fluorescent tubes type T8, and from 80
to over 90 for new generation
fluorescent tubes type T5
From 80 to 90
From 16 to 58
From 25 to 35
Up to 85

All three factors play an important role in choosing and designing indoor and outdoor
lighting. So for example, high pressure sodium lamps can not be used on crossroads or
special detailed work places, indoor sport halls often have high pressure mercury lamps
which are changed with metal halide or LEDs, not high pressure sodium lamps, because
of the low CRI. Usually, high pressure sodium lamps are used in public lighting where
color rendering is not an issue and because of the highest luminous efficacy. But the
often observed mistake is changing the high pressure mercury lamps of a production
hall, and replacing them with low quality LEDs with a low luminous efficacy and low CRI.
The effect is low luminance of the work place, low quality of light and has an the effect
on the behaviour and mood of workers and users.
So, by including these three factors and considering luminance of the work place
artificial indoor lighting is designed. Often the mistake in normal procurement of
equipment without the Green Initiative of an educated EMS team the procurement ends
in choosing the cheapest supplier and if the bidding documents didn’t include all
relevant input data cheap and often third class equipment is bought. This praxis is
excluded with a functioning EMS and a Green Public Procurement policy. Regarding the
above mentioned European norm below are the most common values of luminance and
minimum requirements of the CRI for indoor work places.
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Table 3. Average luminance recommendation

Type of interior, task or
activity
Entrance
halls,
rest
rooms, stairs
Agricultural building –
loading and operating of
goods
handling
equipment
and
machinery
Plastic
and
rubber
industry – processing
installations with limited
manual intervention
Plastic
and
rubber
industry - Constantly
manned work places in
processing installations
Food industry – sorting
and washing of products,
mixing, packing
Food industry – Cutting
and sorting of fruit and
vegetables
Metal
working
and
processing – cutting
equipment
Metal
working
and
processing – precision
mechanics
Iron and steel works –
production plants with
continuous
manual
operation
Wood
working
and
furniture industry –
Work on wood working
machines
Offices – filing, copying,
circulation
Offices – writing, typing,
reading, data processing
Educational building –
play school room/hall
Educational building –
classroom

Average luminance
(lux)

CRI

100

60-80

200

80

150

40

300

80

300

80

300

80

750

60

1000

80

200

80

500

80

300

80

500

80

300

80

500

80
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What is important to notice is that high pressure mercury lamps (all high pressure
discharge lamps) and fluorescent lighting (including compact fluorescent lamps)
are hazardous waste, and need correct storage and disposal. It is not allowed to
through them into the garbage as they have hazardous components of mercury
powder, metal and glass and thus need to be recycled!! Recycling services should
be available, and may be required by regulation.

Case study – Tariff models of electricity consumption
During the visits of the 7 SMEs all transformers were checked and analysed. The
interesting thing observed is that all 7 SMEs had one single tariff model of electricity
consumption. Usually, nowadays there are at least several tariff models, one having the
same price of 1 kWh of electricity during the day time, one having two tariffs during
daytime (more expensive) and during night time (cheaper). Also, there are social
categories or especially for the industry tariff models where also kW of maximal power
during daytime period is paid additional to the kWh.
The common thing is also that larger electricity consumer buy a transformer for
example for transforming 10kV electricity into 380/220V (400/230V) so single phase
220V and 3 phase 380V voltage van be used depending on equipment.
In this case the meters for electricity are put on the high voltage side of the transformer,
the electricity price is much cheaper, but the company has to buy the transformer and
maintain it. So, this type of tariff model is much cheaper for a big consumer over 750.000
kWh mostly.
However, the case in Republic of Tajikistan is that the price for commercial use of
electricity is the same for all consumers. The maximal engaged power is not paid (kW)
and the reactive power is not a significant cost. In addition, the price for electricity is low
and still energy efficiency is not on the list of most companies. An interesting
information of a company was that “the company sells 1.500.000 USD of material yearly
but the price for energy and water is less then 3.000 USD”.
While reviewing some older transformers from the information of the electricity bills
three interesting factors were observed:
• The losses,
• The constant of the meter,
• The contract of electricity and production performance indicator.
The losses
The losses were paid on one example 20% of the electricity
consumption measured. The transformer was old but as stated
from the workers the losses were always paid like this and they
count in also losses from the distribution grid. However, after
questioning if a new transformer would lead to a decrease of
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losses and losses costs on the electricity bills the question was
answered negative, the company would again pay the 20% losses.
This is an energy efficiency barrier were investments into new
more efficient equipment is not leading to reduction of costs, thus
preventing the measures to be implemented.

The constant of the meter
The meter is on the high voltage side of the transformer and
measures the electrical energy consumption with a constant
(coefficient or fixed value which is used when converting meter
readings to actual energy use1) of 2.000 or sometimes 3.000 which
is extremely high. The company thus pays electrical energy on a
scale/range of 2.000 or 3.000 and is not paying the exact amount it
consumed in a month. This type of reading does not enable
effective Energy Management and Weekly analysis of energy and
water usage.

The contract of electricity and production indicator
Shown on the picture below is an example of a contract with the
electricity supplier on electricity consumption in correlation with
produced finished material/product. Each reviewed company had
a contract like this and according to the information from the field
visits each region in Tajikistan has its own officials of the
electricity distribution and supply company who makes own deals
with the companies. The above stated is not official and not
uniform. However, the contract states how much product one
company has to produce with a certain amount of electricity. The
number states always that with 1 kWh of electricity a certain
amount of milk, number of “sambusa”, or kg of wood have to be
produced. If a company does not meet this standard and consumes
more the company pays a fine. But, if it produces more with less
energy there is no reward. This could be used in rewarding
companies who are more efficient, implement EE measures or have
efficient and functioning EMS.

1 Since transformers and similar devices change the voltage into the meter, the measurement made by the meter represents only a
fraction of the actual energy used. That fraction must be multiplied by the meter constant value to arrive at an accurate value for the
customer's actual energy use.
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Figure 27. Contract on electricity and production performance indicator

These three facts including that most companies hide their real consumption and do
report only a part of it to the authorities to save on taxes, are a major factor which
should be considered if quality Energy Management, Energy Action plans or Energy
Efficiency projects want to be implemented. There is no possibility of doing a good
audit without energy and water bills (the real data) or measurement.
The contract on electricity consumption and the production could be a reward politic
leading to:
•
•
•
•
•
•

recognition,
certificate,
energy/environmental personal identification, i.e. employee of the month,
bonuses for recreational activities,
educational fund for staff’s kids,
contribution to a charity fund of choice, etc.

Measures on rewards and incentives can be supplemented by a mix of motivational and
awareness activities such as:
•
•
•
•

energy and environmental exhibition;
energy and environmental day;
energy and environmental motto contest;
case study visit.

All together can be achieved with a functional Energy Management System and policy
change on the national level.
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Transformers – maintenance and change
The following actions are crucial to assess the condition of a transformer. Their
frequency will be increased in case of a degrading condition, they can lead to significant
repair actions, and their results have to be taken into account in the reliability
estimation.
Required actions:
•
•

•

•

Verification of the insulation resistance, compared to the values at the time of
commissioning (~2 times a year).
Checking the water content and executing a crackle test on oil samples (~each
year). In case the test indicates deterioration, a di-electric strength test can be
performed. In the event of over- contamination, the transformer oil should be
drained and dehydrated, or replaced.
Removing and investigating the oil sludge (~every 2 years). In case the acidity of
the sludge is more than 0.5 mgKOH/g, the oil should be reconditioned. If the
acidity surpasses 1 mgKOH/g, oil inhibitors should be added.
A complete overhaul of the transformer (~each 5-10 years).
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Energy and water consumption indicators
In the course of the year energy and water consumption varies depending on the activity
intensity, season, and behaviour of the users and similar. In order to properly determine
system efficiency, it is necessary to conduct analysis and determine the objective energy
and water consumption indicators.
In the end, consumption indicator is the ratio of energy or water spent for a certain
activity on site and a measurable result of that activity:
IC (t) = E(t) / A (t)
where is:
IC(t) = indicator of consumption in time t,
E(t) = energy/water consumption in time t expressed in kWh or for water
in m,
A(t) = activity result on site in time t expressed in appropriate
measurement unit, e.g. for educational institution this would be the
number of classes held, for a building of a local or regional
government body the activity may be expressed through a sum of
employees that were present at work during all working days of
the analysed month and
t = time (for the needs of an energy audit t is usually one month).
The significance of the consumption indicators lies in the fact that they link
energy/water consumption (so-called dependent variable) and activity and needs of the
facility users (so-called independent variable). Energy/water consumption should in a
foreseeable manner conform to the changes of activity level and exactly that is the
feature of energy-efficient systems. If the obtained indicator values are to be compared
throughout the years, they should be corrected regarding the climate conditions in
which the company is, respectively include in the calculation the value degree-day of
heating/cooling.
This correction is necessary if the obtained value of the referent consumption indicator
should be used over the years, but also for comparison with similar facilities on other
sites. The values degree-day of heating/cooling for different years and sites in Tajikistan
can maybe be obtained from the State Meteorological and Hydrological Institution. So, in
order for the referent indicator of energy consumption to be used over the years and
compared with similar facilities in the country and abroad, it should be corrected and
refreshed every year with setting up new goals according to the Energy Action Plan.
To set and define energy indicators but also to calculate and analyse energy and water
consumption it is important to set functional units.
In order to establish the energy management, the subject of the analysis should be
defined first. By setting clear boundaries to the monitored system and by defining all the
important values entering and exiting the system, an insight is obtained into all energy
flows. It is, therefore, necessary to properly determine the boundaries of the system to
be monitored.
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The boundaries cannot be determined arbitrarily, and primarily depend on three facts:
• The monitored building must be a functional unit.
• It must be possible to measure relevant energy and water consumption.
• It must be possible to measure parameters affecting energy and water
consumption.
In other words, it is important that the monitored system may be defined as an energy
consumption centre (hereafter referred to as: ECC). This basically means that the
subject for analysis can be one building if it has a separate meter for energy and water
consumption or even more buildings if they are attached to the same meter and have no
individual energy and water consumption measurement.
Some usual indicators which are always calculated in standard energy audits are given
in the table below.
Table 4. Usual consumption indicator used

Electrical energy
consumption indicator

kWh/m2

Electrical energy
consumption indicator

kWh/user

Electrical energy
consumption indicator

kWh/product
produced

Heating energy (gas, coal etc.)
consumption indicator
Steam consumption indicator
Water consumption indicator
Water consumption indicator
Water consumption indicator
Consumption indicator

kWh/m2 or
kWh/m3

All types of ECC
Mostly office ECC and
ECC were users are the
major
electricity
consumers
Mostly industry ECC and
were electricity depends
on production quantities
All types of ECC

Mostly industry ECC and
t/product or
were steam or heating
kWh/product
energy
depends
on
production quantities
m3/m2
All types of ECC
Mostly office ECC and
m3/user
ECC were users are the
major water consumers
Mostly industry ECC and
m3/products
were electricity depends
produced
on production quantities
Overall
consumption
kWh,kg,liter,m3,t
indicator depending on
/ activity using it
type of ECC
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Energy audit reports of SMEs
Woodworking enterprise "Archa" under LLC "Fortuna Co"
General info
Name:

Woodworking enterprise "Archa" under
LLC "Fortuna Co"
Sughd, Khujand, 3 microdistrict, FEZ Sughd
Gafurov Khurshed
General director
928 022292

Address:
Contact person:
Position of contact person:
Tel.:
Fax:
E-mail:

g.h.q@mail.ru

Number of employees:

68, 20 from them are women

Working hours (describe the working
hours, shifts etc.):
Collective holiday:
Nature of business:

Usually the have one shift from 8 am to 5 pm.
When they have big order than they work in
two shifts.
No. Just ordinary vacation.
Processing of sawn timber, production of
wooden windows and doors

LLC “Fortuna” is located in the Free Economic Zone district in Khujand, Tajikistan.

Figure 28. Part of the complex at the location

37

The company produces furniture, windows, doors, finished products from sawn timber
they buy from supplier. The company has no own production of timber.
Mr. Abdusalom Ashurov, the main engineer was so kind to show the energy audit team
around the premises and all the systems.
Description of buildings and systems
At the location 6 buildings are used for the normal operation which include 1
administrative building, 3 production halls/buildings (Hall 1 1680 m2, Hall 2 1176 m2), 1
buildings for the boiler and 1 drying chamber.

Figure 29. Main production hall

The buildings are well constructed without any signs of reduced stability of the building
envelope. All buildings are concrete structures with full brick walls. This kind of
structure is a standard case in Tajikistan. The usual praxis in building is a finish with a
standard lime cement plaster. However, “Fortuna” has the administrative building
insulated with 5 cm of expanded polystyren (hereafter referred to as: EPS). The rest of
the outer walls of the buildings, though heated are not thermally insulated. Part of the
production halls and the administrative building have a metal sheet sandwich roof
(metal sheet with 10 cm of EPS).
This type of roof gives good thermal insulation characteristics if EPS is tested and rated
for certain amount of density and strength.
The rest of the roof of the production halls is uninsulated concrete roof. One of the
biggest potentials for heating energy reduction is the concrete roof of the production
hall show on the picture below.
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Figure 30. Uninsulated roof and high pressure mercury lamps

The windows are double glazed insulated aluminium windows.

Figure 31. Double glazed aluminium windows of administration building

The buildings are heated with two classic coal boilers, with the capacity of 0,7 MW each,
shown on the picture below. The hot water is used in the heating system (heating
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temperature 90/70 °C). There is no regulation of the temperature or the flow of the
heated water.

Figure 32. Coal boilers in the boiler room

The heating bodies are radiators in the administrative building and pipe radiators in the
production halls. The radiator pipes are situated on the bottom of the rooms but also
close to the uninsulated roof of the halls and thus are loosing a lot of heat (see picture
below).

Figure 33. Uninsulated radiator pipes close to roof
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The radiators are not equipped with ballasts and thermostatic valves which leaves no
option of regulation of individual rooms temperatures. This is highly recommended in
each new heating system where quality regulation can achieve 10-15% of savings in
heating energy.

Figure 34. Radiators in administration building

The main warm water flow is supported by two pumps, each with 3 phase electric
motors 5,5 kW with a rated efficiency of 85,5%. The pumps are relatively new, class 3 of
the China Energy Label. Today new efficient motor have a rated efficiency over 90%.
This criteria should be considered in Green Procurement and should be the main
component of the new energy strategy where broken or inefficient equipment is
changed with more efficient.

Figure 35. Warm water pumps in the boiler room
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Figure 36
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Figure 38. Saw dust collecting unit

Figure 39. Production of self made briquettes out of excess saw dust

However, the briquettes have little strength and fall easily apart in comparison to
commercially available briquettes. Change of the briquette press should be considered if
equipment will be changed due to obsoletion. By using a stronger press, briquettes due
to higher strength burn longer and thus reduce the amount of briquettes needed.
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On the pictures below the lighting system of the offices, the production halls as shown.
The offices use efficient LED lighting as lighting system. However, the production halls
have in total 96 high pressure mercury lamps (250 W each). These type of lighting is not
used today in modern lighting systems as high pressure mercury lamps have low
lumens/Watt rating, low CRI index and not much variety in color temperature. This is
important as the responsible person in the company said the materials are not
distinguished very well during days with less sun light thus relying on only indoor
lighting. See chapter “Choosing indoor lighting” for recommendations and guidelines
how to choose new and calculate a lighting system.

Figure 40. Lighting system in offices based on LEDs

Figure 41. Lighting system in production halls based on high pressure mercury lamps

As shown on the figure below the measured illumination of the work place is 107 lux on
one measured wood processing machine. However, more measurements have been
conducted and where in between 70 and 420 lux. The recommended illumination of this
type of workplace is 300 lux (500 lux if fine mechanics are operated) without the
contribution of sunlight. Also, luminaries and their position are important and need to
enable a uniform distribution of light to all areas of the workplace. If done correctly, no
highly illuminated and dark spaces are found in workplaces (the illumination does not
vary from 70 to 420 lux).
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Figure 42. Measurement of illumination on wood processing machine – 107 lux

Figure 43. Lighting system of drying and painting room based on fluorescent lighting with electromagnetic
ballasts

The lighting system of the painting room and small drying room is based on fluorescent
lighting (older generation T8 tubes) with electromagnetic ballasts. The installed capacity
is 26 luminaries each equipped with two 58 W fluorescent tube. This type of lighting
produces additional losses (losses of electromagnetic ballast for each tube of 58W are
around 13W).
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Energy and water consumption
At the location LLC “Fortuna” has electrical energy and water supply, and uses coal in
the boiler room as main source for heating energy.
At the location the company produces own briquettes out of collected sawdust and uses
rests of wood (after processing sawn timber) to fire the boiler two.
The yearly consumption which was available and collected during the visit is given in
the table below.
On the location is one meter for electricity and one meter for water consumption.
Table 5. Available data of electricity consumption

Electricity
Electricity (kWh)
Year 2015

Year 2016

January
February
March
April
May
June
July
August
September
October
November
December
January
February
March

4.000
16.000
28.000
30.000
36.000
36.000
34.000
34.000
34.000
40.000
46.000
30.000
34.000
34.000

Local currency (Somoni)
with VAT
1.444,3
5.777,3
10.110,2
10.832,4
12.998,9
12.998,9
12.276,7
12.276,7
12.276,7
14.443,2
16.609,7
10.832,4
12.276,7
12.276,7

USD with VAT

187,8
751,0
1.314,3
1.408,2
1.689,9
1.689,9
1.596,0
1.596,0
1.596,0
1.877,6
2.159,3
1.408,2
1.596,0
1.596,0

The company buys electrical energy for a price of 0,36108 Somoni/kWh. The price of the
electric energy is the same during the whole day (day and night). An additional expense
but not high is the reactive energy consumed. The company own the transformer
(transforming 10kV to 380V) from which it gets 380 V (3 phase) and 220 V (single phase
voltage). The meter is on the high voltage side of the transformer and measures the
electrical energy consumption with a constant (coefficient or fixed value which is used
when converting meter readings to actual energy use2) of 2000 which is high. The
company thus pays electrical energy on a scale/range of 2000 and is not paying the
exact amount it consumed in a month. This type of reading does not enable effective
Energy Management and Weekly analysis of energy and water usage.
The yearly electrical energy consumption is around 416.000 kWh for which the
company pays 150.209,28 Somoni or 19.527 USD.

2 Since transformers and similar devices change the voltage into the meter, the measurement made by the meter represents only a
fraction of the actual energy used. That fraction must be multiplied by the meter constant value to arrive at an accurate value for the
customer's actual energy use.
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Table 6. Available consumption of coal, briquettes and wood rests

Coal
kg
Year
2015

Year
2016

Briquettes

kWh

kg

Wood rests

kWh

m3

kWh

January
February
March
April
May
June
July
August
September
October
November
December
January
February
March

17.940
12.220

138.138
94.094

4.280
5.160
6.660
5.380
3.220
6.900
9.500
16.400
18.700
4.000

20.544
24.768
31.968
25.824
15.456
33.120
45.600
78.720
89.760
19.200

26
72
95
5

36.400
100.800
133.000
7.000

1.800
13.600

8.640
65.280

39
30

54.600
42.000

The yearly consumption of coal, wood and briquettes for heating energy is around
926.774 kWh for which the company pays only the coal which was 3.177 Somoni
or 413 USD.
If the above values are correct, important to notice is that the coal consumption is not
significant and coal was only bought in the months before real production started (after
March 2015 the production started and as the production was increased more
briquettes and wood rests were produced). If possible, the usage of only briquettes and
wood rests should be implemented (without coal use).
The coal is only 10,2% of the whole consumption, while the briquettes are 49,5%
and the wood rests 40,3%.
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Table 7. Available water consumption

Water
Local currency (Somoni) with VAT

m3
Year 2015

Year 2016

January
February
March
April
May
June
July
August
September
October
November
December
January
February
March

220
440
420
380
260
330
100
160

660
1.320
1.260
1.140
780
990
300
480

80
90

240
270

Energy efficiency measures
Energy management system and Green procurement
The concept of an EMS is described above in the chapter “Energy Management System”
as part of the chapter “Energy Audits” and “Energy Management System”, while the Green
Procurement concept is described under the chapter “Green Procurement”.
LLC “Fortuna” keeps track of the energy and water consumption and has a person (chief
engineer) in charge for energy and water consumption. During the short energy audit of
the company the responsible person showed expertize knowledge and understanding of
the systems and production process. As shown on the figures below, the person keeps
tracks of all energy and water bills and controls the monthly consumption in a notebook.
Still, the person has no duties appointed which will be part of a fully functioning EMS. So
the recommendation would be to start with assignment of a person in charge (the
people in charge for the systems at the moment as they have the best knowledge and
understanding of the systems and the process) as a start into EMS. The collecting of the
data can be set to weekly if real and exact energy and water consumption data is
available. If the only way to measure the consumption of electricity is the meter from the
supplier with the constant of the meter of 2000 no exact electricity consumption is
visible. If so, a monthly analysis is enough. However, the adjustment and optimization of
the process, control of other personel, control that systems function in an efficient way
and that all the equipment is shut down after operation, the education of the staff and
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planning and monitoring of future projects would be the responsibility of the person in
charge for EMS or the EMS team.

Figure 44. Electricity bills in one order

Figure 45. Control of energy and water consumption of the person in charge for energy and water
consumption

A great potential which the company is using already is the waste management and the
production line of LLC “Fortuna” should be an example for similar projects. As the
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production line is the biggest consumer of energy, it should be of great priority of the
EMS. Also other systems and offices should be considered as well. The below figure
describes well the regulation of the lighting system of the company. Each building
(including production halls) has more switches to use different sets of lighting. So, for
example the below figure shows how only a part of the lighting is “ON” in the meeting
room, thus saving energy where it is not needed.

Figure 46. Lighting regulation in offices (meeting room)

Figure 47. Only part of the lighting system in meeting room is "ON"

An important thing is also the shutting off of the equipment if it is not needed as shown
on the figure below. To consider are also the stand-by losses if equipment is not used but
while not completely “OFF” still uses electricity. What is the case in some industry that
motors are left “ON” but in no load position. This was not seen in “Fortuna” but this kind
of inspection and operation modality should be an active part of the EMS team, while
improvements should be a crucial part of periodic trainings od personel conducted by
the EMS team. The procurement of new equipment should be a monthly routine in the
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meetings of the EMS team so energy efficient equipment should be procured not only
according to the lowest price.

Figure 48. Shutting down the equipment if not needed

A good start for the EMS could be the revitalization of the lighting system. The high
pressure mercury lamps are inefficient and have a low quality light for the production
process. The measure described below shows how lighting systems are calculated and
chosen. If EE measures are considered and planned they should be controlled and set
from the EMS team which should be a part of the decision making.

Figure 49. Relatively new pumps but with low efficiency (third class according to Chinese energy label)

Insulation of the heating pipes (300 meters of pipes)
Since pipework can operate at temperatures far removed from the ambient
temperature, and the rate of heat flow from a pipe is related to the temperature
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differential between the pipe and the surrounding ambient air, heat flow from pipework
can be considerable. In many situations, this heat flow is undesirable.
The application of thermal pipe insulation introduces thermal resistance and reduces
the heat flow.
Thicknesses of thermal pipe insulation used for saving energy vary, but as a general rule,
pipes operating at more-extreme temperatures exhibit a greater heat flow and larger
thicknesses are applied due to the greater potential savings, 70% heat losses can be
reduced by floating a layer of 45 mm diameter polypropylene (plastic) balls on the
surface of 90°C hot liquid/condensate.
The measure should be applied to all radiator pipes from the boiler room to the
production halls, especially for the pipes running under the uninsulated ceiling of the
production halls, as shown on the picture below.

Figure 50. Radiator pipes running under ceiling and not insulated

Insulation of the roof on production building (concrete roof)
Insulation acts as a barrier to heat loss and heat gain, particularly in roofs and ceilings,
walls and floors.
In many buildings insulation is the most practical and cost effective way to make a
buildings more energy efficient, keeping it cooler in summer and warmer in winter and
saving up to 40 per cent in heating and cooling bills. In addition, insulation may
reduce condensation. This can provide health benefits by reducing mould and damp.
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Due to thermal insulation transfer of heat between inside and outside of the room is
restricted. This results in less quantity of energy required for maintaining the desired
temperature in the room.
Temperature drop of 5°C to 10°C depending on outside temperature during summer and
increase 5°C to 10°C in the winter time.

Figure 51. Production hall concrete roof to be insulated

Reduce the installed heating capacity (2x700 kW boilers) - use in the summer only for
drying wood (600 m3 building)
LLC “Fortuna” uses it's big 700 kW boiler in the summer to heat up their 600 m3 drying
kiln. It is possible to save up to 25 % on the costs for thermal energy with a heat
recovery system. With this system all pipes of the exhaust dampers are connected
together.
At the figure below the current state of the heating/drying chamber where the moisture
is being lead simple though openings at the roof. These type of drying has significant
losses in boilers as they work not on full capacity during summer months, but also losses
related to escaping heat and air through the openings.
The correct method would be to extract moisture with but by using heat exchangers to
recuperate heating energy.
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Figure 52. Current state of heating chamber - the heaters and simple opening which lead moisture out

Figure 53. Heat exchanger principle

The exhaust air is being lead through a heat exchanger in cross-stream with the air inlet.
With this system 70-80 % of the energy in the exhaust air will be saved which is
added to the inlet air. All parts of the cross-stream heat exchanger are out of aluminium
and stainless steel. The heating energy is simply brought back to the heated air used for
drying.
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Figure 54. Example of drying chamber with heat exchanger saving up to 70-80% of heating energy

Change the pumps of heating grid into more efficient ( 2 x 5,5, 85%)
Fortuna has installed 4 pumps each powerful 5,5 kW, 2 pumps are backup pumps and
they hardly ever work, 2 pumps work and are of C class according to the Chinese Energy
label which has a very low efficiency rating.
High-efficient variable speed pumps significantly reduce energy consumption by
automatically adjusting pump performance to the actual need, reduction of consumption
in some cases is up to 80%. Naturally, these pumps meet international efficiency
standards, but they cost more, that is why it is good to implement them when the old
pumps break down or are in need of a change, then the use of the principle of Green
Procurement and Life Cycle Cost when buying a new pump shows that the more
efficient pumps are very cost effective and usually they last longer because they do not
always work in full capacity.
Pumps in LLC “Fortuna” work with 5,5 kW capacity and have 85% efficiency, but don't
have variable speed so they always have to work on 5,5 kW full capacity.
New energy efficient pumps would lower the consumption depending on the use of the
system and because of its higher efficiency rating which is over 95%.
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Figure 55. Heating system main pumps

Quality regulation of the heating grid
LLC “Fortuna” has no temperature thermostats in the building, no thermostatic valves
on radiators, no valves for heating grids with temperature control.
Thermostatic radiator valve (TRV) is a self-regulating valve fitted to hot water
heating system radiator, to control the temperature of a room by changing the flow of
hot water to the radiator.
The classic TRV contains a plug, typically made of wax (forming a wax motor), which
expands or contracts with the surrounding temperature. This plug is connected to a pin
which in turn is connected to a valve. The valve gradually closes as the temperature of
the surrounding area increases, limiting the amount of hot water entering the radiator.
This allows a maximum temperature to be set for each room.

Figure 56. Thermostatic valve with and without regulating cover
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As the valve works by sensing the temperature of the air surrounding it, it is important
to ensure that it is not covered by material (such as curtains).
The replacement of a manual heating control with a TRV has been estimated to save at
least 200kWh per year. They are also considerably cost-efficient, using heat only when
needed, and can reduce heating bills by up to 17% a year.

Better usage of waste material saw dust (stronger press)
In LLC “Fortuna” they make their own briquettes and use it for heating but they are of
lower density and burn up fast.

Figure 57. Low density briquettes with current machine

Sawdust is the main by-product in wood industry which is usually seen as rubbish of no
use and it is a good practice of “Fortuna” to use their waste, since pellet presses and
briquette presses are getting popular, sawdust has become the ideal material for making
wood pellets and wood briquettes, because of its high proportion of lignin.
Besides, when using sawdust for briquetting, crushing process can be saved. Sawdust
briquetting press can extrude loose sawdust into high density solid fuel briquettes
directly if the briquetting press is powerful enough which unfortunately is not the case
in “Fortuna”. In “Fortuna” they make their own briquettes and use it for heating but they
are of lower density and burn up fast because of a less powerful briquette machine.
In case that there would be enough of sawdust material (in correlation to the production
process) “Fortuna” could install a more powerful briquette press with a carbonization
furnace and could turn the sawdust briquette into a 50% more efficient one then used
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now. The briquette machine costs approximately 6000 USD but being more effective it
would save “Fortuna” over 50% energy of briquettes they use now, which could almost
reduce entirely the need for coal.
Table 8. Replacement of current press for production of wood briquettes

Description of measure:
Investment:
Savings:
Simple payback period:
Life expectancy of equipment:
Additional info

Replacement of current sawdust
press for production of wood
briquettes
6.000 USD
Calculated 229.440 kWh or 1.147 USD
if compared to heating on coal
4-5 years
7 – 11 years
The old briquettes machine can be
changed when due to obsoletion or if
the company will have more orders,
expand their production volume so
more sawdust will be available

The return of investment would be made in 4-5 years.
The final product of wood briquette with the new wood press is shown on the next
figure.

Figure 58. Final product of wood briquette with the new wood press

Figure 59. The process of briquetting process

Example of a briquette machine is given below in the next table.
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Table 9. Example of a stronger briquette machine

Output capacity kg/h
Motor Power (kw)
Electric heater (kw)
Heating Range
Life of the inner former
Size of finished briquettes
Size of briquettes inside hole
Density of briquettes
Weight(kg)
Overall dimension(mm)
Raw material moisture requirements

180-210
15kw, 380v, six grades
2.2kw*2
280~350℃
1-2years
Dia.50mm*L.480mm
Dia.16mm
1.3 t/m3
700kg
2700*600*1600 mm
8~10%

The working principle of the briquetting machine is show on the figure above. It is a
process where biomass (in this case saw dust) is compressed under high pressure and
high temperature. The machine uses a large screw to grind the biomass into briquettes
that are of uniform composition. The self bonding of biomass to form a briquette
involves the thermo-plastic flow of the biomass. The lignin content that occurs naturally
in biomass is liberated under high pressure and temperature. Lignin serves as the glue
in the briquetting process, thus binding, compressing the biomass to form into high
density briquettes. During this process, no binder needs to be used. So the output
briquette is a type of clean and green fuel that is ideal for use in furnaces, boilers and
open fires. The density of the briquettes is 1300kg/CBM. While the briquettes produced
by a piston press are completely solid, screw press briquettes on the other hand have a
concentric hole which gives better combustion characteristics due to a larger specific
area. The screw press briquettes are also homogeneous and do not disintegrate easily.
Having a high combustion rate, these can substitute for coal in most applications and in
boilers.

Revitalisation of the lighting system
The lighting system in the company is based mostly on inefficient high pressure mercury
lamps of 250 W. Lamps have inefficient magnetic ballasts which result in losses of 25W
per lamp, have low CRI and the temperature color can not be chosen.
The lighting system to be analysed are the high pressure mercury lamps. Two measures
have been calculated, one solution where all high pressure mercury lamps of 250W are
changed into metal halide lamps of 150W, and the second where all high pressure
mercury lamps of 250W are changed into LED reflectors of 150W. As an example
Lighting and Illumination calculation was done for one production hall in the
dimensions 56m x 30m x 5,7m with 69 high pressure mercury lamps (for purpose of
calculation hereafter referred to as “Production hall 1”). This method should be used in
all new project regarding changing of the lighting system. The calculations are easy, user
friendly, the light sources and lamps, gear and luminary can be chosen by supplier and
producer (as plug-ins) and each room obstacle, windows, doors or furniture can be
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added, thus illumination can be viewed and adjusted. The software used for this
calculation is ReLux which is a freeware.

Figure 60. Printscreen from ReLux calculation for Production hall 1 with high pressure mercury lamps

The average illumination of the Producion hall 1 is 258 lux, which is in correlation with
the above mentioned measured illumination in the production halls. However, the
calculated illumination of the working space (height 0,75m from ground) is 281 lux
when 150W metal halide lamps are used.

Figure 61. Printscreen from ReLux calculation for Production hall 1 with high pressure mercury lamps

The software can show 2D and 3D simulations of the illumination and more as shown on
the figures below. With a feature like this an uniform illumination of the whole room can
be achieved.

60

Figure 62. Illumination of Production hall 1 with metal halide lamps of 150W (2D)

Figure 63. Illumination of Production hall 1 with metal halide lamps of 150W (3D)

The calculation for the replacement of high pressure mercury lamps of 250W into metal
halide lamps of 150W is given in table below.
However, the second option and more cost-effective is the replacement of the high
pressure mercury lamps of 250 W with LED reflectors of 150 W.
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Table 10. Replacement of high pressure mercury lamps with metal halide lamps

Description of measure:

Investment:

Savings:
Simple payback period:
Life expectancy of equipment:
Additional info

Replacement of high pressure
mercury lamps of 250W (9.525
lumen) with metal halide lamps of
150W (13.800 lumen)
12.000 USD (96 lamps, 65 USD per
electronic ballast, 15 USD per metal
halide bulb of 150W, 25 USD per
luminary, 20 USD for change of each
lamp)
32.961 kWh or 1.514 USD (3.150
working hours)
7,9 years
Each bulb has a life expectancy of
10.000 hours
The 250 W high pressure mercury
lamp has losses of 25 W per lamp. The
new metal halide lamp with an
electronic ballast has losses of 16W per
lamp. The metal halide lamps have a
slightly better CRI and can be found in
different temperature colors as
needed.

Table 11. Replacement of high pressure mercury lamps with LED reflectors

Description of measure:

Investment:
Savings:
Simple payback period:
Life expectancy of equipment:
Additional info

Replacement of high pressure
mercury lamps of 250W (9.525
lumen) with LED reflectors of 150W
(10.000 – 12.000 lumen)
5.760 USD (96 lamps, 40 USD per lamp
with shipping, 20 USD for change of
each lamp)
37.800 kWh or 1.736 USD (3.150
working hours)
3,3 years
Each bulb has a life expectancy of
50.000 hours
The 250 W high pressure mercury
lamp has losses of 25 W per lamp. The
new LED lamp has none. It is important
to chose high quality LED. The
calculation was made with LEDs with
at least 75 lumens/W, CRI in between
80 and 90%, and color temperature
3000 K (warm daylight).
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The average illumination of 300 lux can be thus achieved with the new LED lamps
of 150W by adding 10% more lamps.
Also, the fluorescent lighting with magnetic ballasts should be changed during standard
changing after equipment gets broken or reduces in efficiency due to obsoletion. T5
fluorescent tubes could be used with adapters and electronic ballasts in the existing
luminaries or LED technology.
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LLC "Subhi Vatan"
General info
Name:
Address:
Contact person:
Position of contact person:
Tel.:
Fax:
E-mail:

Number of employees:
Working hours (describe the working
hours, shifts etc.):

Subhi Vatan
Sughd, Isfara district, Nefteobod
Ermatov Abdumannon
Director
92 773 84 88
subhivatan@mail.ru

From 30 to 50 depends on season. 80% from
them are women
2 shifts in spring and summer. 1 shift in
autumn

Collective holiday:

Yes. 3 winter month

Nature of business

Canned products, marinades, pickles, tomato
juices and paste

LLC “Subhi Vatan” is located in the Isfara region. The company produces canned fruits
and vegetables, marinades, pickels and similar. The production depends on the
availability of the fresh fruits and vegetables which are grown in the region. The
company has its own apricot trees plantation and similar. The own production is not
enough for the whole production process during one year. A collective holiday is used
during winter months when there is no production.
Description of buildings and systems
At the location there are 6 buildings, where the main buildings are the administrative
buildings and the production hall. The rest consists of 2 storage halls, a kitchen and a
dressing/shower room.
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Figure 64. Administrative building

All the buildings of “Subhi Vatan” are concrete structures with full brick walls, without
thermal insulation on the walls and roof. The administrative buildings was newly
constructed in 2015 shown on the figure above.
The windows of the administrative building are relatively efficient PVC windows with
double glazed insulating glass as show on the picture below.

Figure 65. PVC windows with double glazed insulating glass
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In the administrative buildings there is one cooling unit which is rarely used. In colder
months the workers use inefficient electrical heaters to heat the rooms. Mostly, the
company does not work during winter months and there is no need for a heating system.
However, if the company would start producing during the whole year an efficient and
adequate heating system is required. Further below the EE measure of a smaller liquid
gas boiler or small biogas plant is considered.
For production purposes (cooking, steaming, disinfecting) two coal boilers are used. The
boilers are of unknown capacity. The capacity can be estimated to around 0,5-0,7 MW
for each boiler.

Figure 66. One of the two coal boilers beside the production hall

The temperature of the steam or the flow rate can not be adjusted. The boilers are old
and extremely inefficient. During the visit, by inspecting and performing simple
measures the efficiency of the steam production system can be estimated to 30 – 40 %.
Following that the boilers have no thermal insulation of the other body of the furnace
the heating energy is lost due to heating of the outer air and surrounding. The measure
temperature of the outer wall of the boiler is around 126 °C while the steam pipe just
beside the boiler is lower in temperature with 118 °C (should be warmer then outer wall
of boiler). The measured temperature of the chimney is around 180 °C. The here
mentioned measurement show that most of the heating energy is lost due to no thermal
insulation of the boiler, losses through the chimney and due to inefficient combustion.
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Figure 67. Measurement of surface temperature of the other wall of the coal boiler

Figure 68. Measurement of the surface temperature of the hot steam pipe
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Figure 69. Measurment of surface temperature of chimney

Figure 70. The return of the steam gets mixed with cold water and goes directly in the sewer

The heating system (steam production system) is an open system which means that the
return hot water/steam is cooled down with fresh water and directed into the sewer.
The hot steam tank is constantly filled with new cold water and the boilers while
operating are run on maximum power to maintain the steam production. This type of a
system is completely inefficient and should be changed into an closed system or to
preheat the cold water filling the steam tank with the excess heat of the return steam.
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Figure 72. Part of the production process - cooking of the vegetables

However, waste management exists in the company and the excess and broken glass is
returned to the supplier for recycling. Also, the left over organic waste of vegetables and
fruits are taken home by the workers and used to feed livestock.

Figure 73. Broken glass returned to the supplier and recycled
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Figure 74. Organic waste of fruits and vegetables used to feed livestock

During the last three years some energy efficiency measures were implemented
regarding efficient lighting. So the electrical lighting in the administrative office and the
production hall is based on LEDs.

Figure 75. 5-10 W, E27 LED bulb, in the Administration office

However, a part of the electrical lighting system are inefficient high pressure mercury
lamps of 250W. These light sources are inefficient and not used today in new systems.
However, one newer generation high pressure mercury lamp can have around 13.000
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lumen of light (which is 52 lumens/W). The old generation can get low as 3800
lumens/W. So there is a big difference in the available lamps on the market. One energy
efficient 50 W LED reflector as the ones installed in the production hall are estimated to
have not more than 3.000 lumens (around 60 lumens/W). So it is extremely important
to know these characteristics if sufficient overall illumination want to be achieved.

Figure 76. 50W LED reflector in the production hall

Figure 77. Inefficient high pressure mercury lamp
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High pressure sodium lamps of 250 W and 13.000 lumens can be also changed with high
pressure metal halide lamps of 175 W and 14.700 lumens.
For supplying the company with electrical energy a 40 kVA transformer is used. The
transformer is old and inefficient. The overall losses of the transformer can be over 20%.
However, the transformer can last up to 60 years before a break and buying a new
transformer is energy efficient but often leads to lower Life Cycle Cost of the device.
During the visit data was collected that the company pays 20% of the losses for the
distribution grid and the transformer losses. The responsible person answered that with
changing the transformer to an efficient one they would still pay the same amount of
losses. This contract modality should be considered where changing of the fees the
companies pay to the electrical company could be a system to promote and encourage
energy efficiency by changing of old equipment with new.
Energy and water consumption
The company uses electricity, coal and water for the normal operation and production
process.
The company is not working during the winter months, depending on the season.
The yearly electricity consumption as stated from the company is 102.385 kWh
for which the company pays 38.985 Somoni.
The transformer used is form the year 1975. It still operates but a change should be
considered in future by the EMS team. The company pays 12% of losses to the supplier.
A contract modality has to be considered where if the transformer will be changed with
a more efficient one, the losses on the contract will be adjusted accordingly. See the
chapter “Transformers – maintenance and change” for advices for maintenance of
transformers.
The yearly consumption of coal is around 600 tons or 4.884.600 kWh for which
the company pays 180.000 Somoni. Considering the size of the company this
consumption is extremely high due to old boilers and inefficient production
process.
The water used in the production process is pumped from a water reservoir. In
the production process the company also buys water for the end product.
Energy efficiency measures
Energy management system and Green procurement
The concept of an EMS is described above in the chapter “Energy Management System”
as part of the chapter “Energy Audits”, while the Green Procurement concept is described
under the chapter “Green Procurement”.
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The company has no EMS and no person in charge for energy and water management,
environmental management or waste management. However, the waste is collected by
the workers as food for the animals.
The company should consider a person fully in charge for energy management,
especially in the case of implementing new energy efficiency measures and planning.
Each year the production volume and capacity is different, and optimization of the
process can bring in new systems savings to up to 20%.

Figure 78. Computer is on or in stand-by while there the rooms is not occupied

As shown on the picture above often computers are left on or in stand-by while the room
is not occupied. Habits like this should be a part of the daily EMS.
The person in charge of EMS should advise and encourage other employees to behave in
an efficient way. This part is included in the EMS and should be a part of the trainings
and awareness programme.
In addition, the heating and cooling system operation is important. As stated from the
responsible in the company the heating temperature is 25°C while the cooling
temperature is 20°C. The indoor room temperatures during the heating period should
be around 20-22°C and the indoor room temperatures during cooling period should be
around 25-27°C (not more then 7°C under the outside temperature).
What is also important is the regular maintenance and cleaning of air filters in the
airconditioning systems. Filters in air conditioning system can reduce dust particles
circulation within the indoor environment. However, after operation of a certain period,
dust will accumulate in the air filter to increase the pressure drop and hence increase
the energy consumption of air fans.
The solution is to clean the filters regularly. This can not only save energy due to the air
fans working more efficient, but also improve indoor air quality. Cleaning of air filters
can usually save 5 to 20% fan power.
At the moment the conscious for energy and environmental management is still low, and
considering the prices for energy and water the EE measures have still a long payback
period.
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But EMS should be a part of the whole operation structure and for all systems not only in
significant consumers and applications.
The person in charge of the EMS and the EMS itself should be implemented before all
other measures. Each measure described in this report should be discussed with the
management and the EMS team and monitored. The decision made should be according
the EM action plan of the company.

New heating system – new steam production system with coal boiler
The yearly consumption of coal is around 600 tons or 4.884.600 kWh which is a
significant amount, and a extremely big consumption for the above described company,
so some recommendations and option for EE measures are given.
LLC Subhi Vatan has currently open system boiler which uses coal without a boiler
room, the surrounding temperature of the boiler is 140 Celsius degrees which shows
that the boiler has no insulation and it can not keep the temperature inside the furnace
but instead it heats all the surrounding environment. The estimated efficiency of the
heating system is 30-40% as it has no recovery of steam which means the system always
pumps fresh water from a well (which again needs to heat up), the boiler is inefficient
as it has low insulation, no regulation and an open furnace.
By changing the boiler to a more efficient one and implementing steam recovery the
company could save up to 60% of their coal consumption.
The coal boiler which would be sufficient (to keep the current production state) would
need to produce 2 tonnes of steam per hour, and have minimum steam temperature of
130°C. Newer coal steam boilers have an efficiency of 82% or more and can produce
steam of 170-180 °C, better insulation of the furnace area so it heats up faster and keeps
the heat inside the boiler .
The boiler proposed for the company would be 30-40% more efficient and is of these
specifications:
•
•
•
•

Heating efficiency : minimum 80%;
Steam temperature: minimum 170 °C;
Rated capacity: minimum 2t/h of steam;
Max consumption : 250kg/h coal.

The replacement of the boiler is not a cheap option but necessary as not only the
consumption is a factor but also the surrounding environment and fruit plantations (ash
on trees and fruits). If the production stays the same or even if the production increases,
“Subhi Vatan” uses still around 600 tonnes of coal per year. The return of the investment
of a boiler replacement would be around 3-4 years. It is very highly recommended that a
boiler room is built and the recovery of steam system is implemented.
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The second problem while having no heat recovery system is heat used after going
through the heating grid is being thrown back into the earth at a still very high
temperature 70-80°C.
The residual steam generated from the process discharged into the environment directly
wastes a significant amount of heat energy and water resource.

Figure 79. No heat recovery system - the return steam is mixed with cold water and flushed into the sewer
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Figure 80. Scheme of a heat recovery system where the return heat is used to preheat the pipe inlet which gets
heated up again in the boiler

With a steam recovery system, residual steam can be recovered to preheat up the water
for making steam. The residual steam will be collected and compressed by a steam
recovery system for heating up water. The condensate will be circulated back to the
steam boiler for reuse. This system not only recovers a large amount of steam heat, but
also recycles the steam condensate to the boiler system. As a result, fresh water supply
which is required by the boiler system can be reduced. Through heat exchange, fresh
water can be preheated up so the temperature of the water wouldn't be heated up from
20°C and used in the main boiler but would be preheated and sent to the main boiler.
The water temperature in the recovery system is about 70-90˚C. The steam recovery
system effectively recovers residual heat of steam and minimizes heat loss to the
environment. It also helps to save energy consumption by a big margin up to 30% of
savings and a very cost effective method because of its short payback period of 2
years.

Case study: Analysis for new heating system – new steam production system with liquid
gas boiler and small biogas plant
The yearly organic waste is around 50 tons which is generally given to the animals. In
addition, the neighbour building is a cattle farm with 40 cows. In this measure the option
of implementing a small biogas plant till 20 kW of power with changing the coal boilers
to one liquid gas boiler.
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The recommended biogas power plant is container-based small biogas plant which takes
in all the organic waste and manure from the animals, producing electricity and heat,
leaving liquid fertilizer as an end product to take from the digestor. The scheme of a
biogas plant is given in the figure below.

Figure 81. Scheme of biogas power plant

So, the ideal option would be that the company can set up a contract with the electrical
energy supply company to sell produced electricity with a feeding tariff option. This type
of contract modality is commonly used today and is a recommendation for future pilot
projects and legislation in Republic of Tajikistan.
However, the produced electricity can be stored in batteries or biogas can be collected
and just burned in the liquid gas boiler (better option, if no selling of electricity can be
contracted, batteries raise the investment significantly).
According to the calculation the organic fruit pomace and dairy cow liquid manure (40
cows) the yearly production of methane is 2.885 m3/year for the organic fruit waste and
11.790 m3/year for the liquid cow manure. In total the potential for electricity
consumption is 14.675 m3 of biomethane or 146.748 kWh of energy. The capacity of the
plant is calculated 17 kW, so the calculation is done for a small biogas plant of 20kW
capacity. The price for a system like this is around 20.000 USD. The potential for yearly
electricity production is 53.000 kWhel and the potential for yearly thermal energy
production is 66.000 kWhth. The potential for yearly farm fertilizer production is around
848 tons.
The liquid gas price at the moment in Tajikistan is 2,5 – 2,8 Somoni per liter, which is
around 0,0396 USD/kWh of energy. The current coal price is around 0,0046 USD/kWh
making other options then coal not cost effective. However, coal is not an acceptable
energy source and this measure is stated demonstrative as a case study so it can be
replicated in other situations were there is more organic waste, in decentralized
systems, in new systems or if there will be options for privileged electricity producers
and contracts with the electricity supply company (feeding tariff options).
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Table 12. New steam production system with liquid gas boiler and small biogas plant

Description of measure:
Investment:

Savings:
Simple payback period:
Additional info:

New steam production system with
liquid gas boiler and small biogas
plant
20.000 USD for new liquid gas steam
boiler system (2.000 USD recuperation,
6.000 USD new boiler with 2t/h steam
capacity and 92,1% efficiency, 6.000
USD distribution and implementation,
6.000 USD liquid gas tank) plus 20.000
for small biogas plant
- (the yearly cost is 30.000 USD more
then whole using coal)
The measure is an environmental
measure not cost effective but will
significantly improve the
environmental conditions of the
company and it surroundings. If the
near by farm would have 300 cows the
production of gas would be enough for
the whole production process of Subhi
Vatan.

Changing the pumps for heating grid (30kW, 13kW)
The company has a 30 kW pump for its steam grid (see figure below) which is oversized,
replacing this old pump into a more efficient one of adjusted capacity of 11-13 kW
would save the company over 55% of electricity the pump uses.

Figure 82. Pumps in the heating system
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Since this is an open system and the grid does not keep the operating pressure the pump
works almost constantly on maximal power since it has no variable speed. Replacing the
pump with a new 13kW variable speed pump would be very cost effective as the
return of investment would be in 2 years.
Insulate heating pipes
The company has no insulation on the steam pipes and the pipes run through the
outside area so they loose heat in colder months. Thickness of thermal pipe insulation
used for saving energy vary, but as a general rule, pipes operating at more-extreme
temperatures exhibit a greater heat flow and larger thickness have to be applied. 75%
heat losses in the pipes can be reduced by putting a layer of 50 mm diameter
polypropylene (plastic) balls on the surface of 120°C hot steam/liquid/condensate,
insulating the pipes is a very cheap method of EMS and could save the company 5% of
their heating consumption.

Efficient cookstoves in the kitchen
As observed during the visit to the company a type of inefficient cookstove was found as
shown on the figure below.

Figure 83. Inefficient cooking in kitchen

This type of cooking equipment is common in Republic of Tajikistan and a lot of wood
can be saved by using more but cheap efficient cookstoves.
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Table 13. Calculation for efficient cookstove

Description of measure:
Investment:
Savings:

Simple payback period:
Additional info:

New efficient cookstove
15-23 USD
The total wood used for cooking in one year, as
the new stove does not need wood which is
bought but found lying around the companies
grounds.
-

Overall information for measure to be replicated: Total
population living in rural area in Tajikistan is almost 70%.
Cooking is done on inefficient stoves (ordinary open tube)
with an estimated efficiency of 10-30% or on open fire. An
average rural house is heated by one stove, a single source
with no special heat distribution system. Other needs, such
as heating water, cooking, drying food and clothes, etc. are
satisfied by the same heating device. Hot water for washing
being prepared by using firewood is time consuming and
contributes to deforestation In addition, the use of wood in
lower efficiency stoves has contributed to the poor quality of
air in dwelling premises causing additional health risk. The
efficient cook stoves (rocket stove principle) use
significantly less fire wood, are closed thus preventing fire
hazards and have a significantly lower emission of carbon
monoxide and methane caused from incomplete
combustion.

The new recommended stoves are shown in in the figure below. There are more types
which can use either firewood (small sticks found lying on the ground) or coal
(depending on the model). The amount of wood needed to cook a meal is a handful, and
the quantity of wood seen on the figure is for at least 5 meals for 5 persons.

Figure 84. Efficient cookstoves - rocket stove principle
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LLC "Shohshir" (Correct)
General info
Name:
Address:
Contact person:
Position of contact person:
Tel.:
Fax:
E-mail:
Number of employees:
Working hours (describe the working
hours, shifts etc.):
Collective holiday:
Nature of business:

LLC Shoshir
Sughd, Khujand, North East Industrial Zone
Ahmedov Furkat
production manager
937006218
furkat1980@mail.ru
40, 24 from them are women
1 shift, from 7 am to 2pm
no
production and processing of milk

LLC “Shoshir” is a company situated in the Free Economic Zone in Khujand. The
company produces dairy products.
Description of buildings and systems
The company consists of 2 buildings and some offices in the administration building
which they rent. The main building is the production hall with a reception center, milk
storage, milk processing units, fermentation and packing units, refrigerators and
laboratory. Situated across the street (around 250 meters from the production hall) is
the boiler room with two coal boilers.
In the administration building the company rents two offices where some energy
efficiency measures were implemented. The windows of the offices in the
administration building are new and efficient PVC windows with double insulation glass.
The administration building is older, made as an concrete structure with full brick walls.
The rented offices inside the building are thermally insulated with 5 cm EPS.
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Figure 85. Administration building

Figure 86. New PVC window with double insulating glass in the administration building
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Figure 87. The inside walls of the companies offices are thermally insulated

During the whole year the one room is heated and cooled with a split cooling units,
while the other office is cooled by split cooling units but heated with electrical floor
heating. This type of heating is completely inefficient and today out of standard in new
systems. Heat pumps are readily available and can produce heating and cooling energy
much more efficient then simple electrical heating.

Figure 88. The heating and cooling system in the companies offices - split cooling units
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The lighting system in the offices is based in efficient LEDs and partly fluorescent lamps
in relatively good luminaries with rasters and reflecting wings. However, the fluorescent
lamps use electromagnetic ballasts which produce a loss of 5W per each tube. So on the
luminary shown below each 18W T8 fluorescent tube has an additional loss of 5W per
tube, so the whole luminary is not 5x18W but 5x23W. This kind of ballast is still used
today but in some countries banned in new systems or in projects where more than 30%
of the lighting system is refurbished or changed. The solution is to use electronic ballasts
in each luminary which will lead to only 6% of losses or around 1W per tube. Also, LED
tubes can be used in the same luminaries or 14W T5 fluorescent tubes with adapters
(the tubes are a bit shorter than T8) and electronic ballasts.

Figure 89. The lighting systems based on fluorescent lamps with electromagnetic ballasts

In the production hall there are two separate refrigeration rooms, equipped with 2
cooling units, type Bitzer, of 10,5 kW electrical power each.
The materials used to built the refrigeration rooms is a sandwich wall of metal sheets
and thermal insulation and has good insulating characteristics. During the visit surface
temperature of all sides (including the roof) of the refrigeration room was measured.
The insulation is sufficient. Still, improvement can be done in changing the door (closing
the infiltration gaps on the door) and changing the indoor lighting (fluorescent tubes
with electromagnetic ballasts) which emits heat to LEDs. The main refrigeration room
for storage of the finished products is cooled to 9 °C while the second refrigeration for
temporary storage is cooled to cca 13 °C.
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Figure 90. Entrance to the refrigerator and the production hall

Figure 91. Cooling units for refrigeration room
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Figure 92. Good insulating characteristics of refrigeration room

Figure 93. Constant warm air infiltration due to inefficient closing of the door
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Figure 94. Heat loss of the fluorescent tubes with electromagnetic ballast - heating the inner cooled air of the
refrigerator

The two refrigeration rooms are constantly opened because products are being
transported from each rooms to the other, crossing also outer air. This can be seen on
the picture below. The solution to the problem is to connect the two rooms with a
corridor leaving the cooled air to stay inside the rooms. Also, no outer air will be able to
infiltrate.
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Figure 95. The constantly opened doors of two separate refrigeration rooms - possible connection with a close
corridor

The biggest consumer of energy of the company are the two coal boilers which are
situated 250 meters across the road. The coal boilers produce steam which is then used
in the production process. The steam pipes are insulated but not enough and one some
place the insulation is damaged.
The steam produced at the boilers side is measured at around 140 °C while the steam
temperature when it arrives to the building is around 105 °C (see pictures below). The
surface temperature of the insulation material of the pipe is around 50 °C while the
outside temperature was around 22 °C. After the finished process in the production hall
the steam gets down to 48 °C and while returning back to the boiler it comes down to 34
°C.
This measurements show how much heat is lost during the transportation of the steam
to the production hall and that the solution to this problem is to built a heating system
closer to where the steam is needed and to insulate the pipes more.

89

Figure 96. One of the two coal boilers for steam production

Figure 97. Steam output temperature at the side of the boiler
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Figure 98. Steam pipe at the entrance into the production hall (after 250 meters of pipe)

Figure 99. Surface temperature of the steam pipe - heat loss over 250 meters of pipe

The poorly insulated pipe is shown on the pictures below. Usually warm/hot/cool
water or steam pipes are put under ground with sufficient insulation to reduce heat
losses.
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Figure 100. Poorly insulated steam pipe above ground - significant heat loss over 250 meters

The steam is used in the production process and the distribution is with not insulated
metal pipes as shown on the picture below.
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Figure 101. Second cooling unit

The second cooling unit show on the picture above cools water which is then used in the
production process. The storage is well insulated but the pipes should be too. On the
picture below shown are the not insulated cool water pipes where cooling energy is lost.
The storage is situated outside so the pipes are constantly heated in the summer.
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Figure 102. Not insulated pipes for cool water

In the production process also compressed air is used. For the production of the
compressed air two compressor units are used show on the picture below.

Figure 103. Two compressor units

Each unit is equipped with a 15 kW motor with a rated efficiency of 89,9 %. The units
are relatively new. Still, the motors are third class motors with a relatively low
efficiency. New motors today have an efficiency over 90% and as a recommendation the
company should procure efficient equipment while buying new equipment or changing
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broken equipment. This criteria should be included in the energy action plan of the
company and controlled by the EMS team.
Important to mention is the positioning of the fluorescent lighting in the main
production hall. The illumination measured during day time was 111 lux, which is under
the recommended 300 lux for this type of workspace. However, the illumination can be
raised by positioning of the luminaries closer to the workspace. For example, the
luminaries should be lowered down in hanging mounts.

Figure 104. Measurement of illumination of the work space in the production hall

As shown on the picture below, in the second production hall the ceiling is high and the
luminaries have been placed on the side walls 90 degrees to the work area. So half of the
light produced is dissipated on the ceiling and thus not used. The correct position of the
luminaires is above the workplace and lowered down. All luminaries produce the same
amount of light. For example the installed luminaries with 2 tubes of 36 W each produce
around 5000 lumen if best quality tubes are bought. But the illumination of the
workplace changes with the distance of the luminaries form the workspace. So
depending on the distance each workplace can have 500 lux of illumination or only 30
lux in just a few meters distance difference.
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Figure 105. Position of the fluorescent lamps in the main production hall

Energy and water consumption
The company uses electricity, coal and water for the normal operation and production
process.
The yearly electricity consumption as stated from the company is 350.000 kWh
for which the company pays 126.350 Somoni.
The yearly consumption of coal as stated from the company is around 262,6 tons
or 2.137.013 kWh for which the company pays 78.870 Somoni. The above stated
coal consumption is high regarding the production process and the size of the company.
The consumption can be reduced by 10-15% with the below stated measures.
The yearly consumption of water as stated from the company is around 20.000m3
for which the company pays 80.000 Somoni.
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Energy efficiency measures
Energy management system and Green procurement
The concept of an EMS is described above in the chapter “Energy Management System”
as part of the chapter “Energy Audits”, while the Green Procurement concept is described
under the chapter “Green Procurement”.
The company has no EMS and no person in charge for energy and water management,
environmental management or waste management.

Figure 106. Office equipment is "ON" while the room is not occupied

As seen on the figure above the office equipment stay “ON” but is not used and the
rooms is not occupied. EMS is conducted with all equipment and thus not only related to
the big consumers. While behaving in an energy efficient way in all segments (even the
office equipment which is not significant in the total electricity consumption) the
conscious of energy management is raised and thus used and implemented in all
segments. The correct method of reducing losses in systems like this is to use the switch
on the small extension cable/switch thus shutting off the electricity connection of all
devices plugged in and saving electricity consumption.
In addition, the heating and cooling system operation is important. As stated from the
responsible in the company the heating temperature is 25°C while the cooling
temperature is 20°C. The indoor room temperatures during the heating period should
be around 20-22°C and the indoor room temperatures during cooling period should be
around 25-27°C (not more then 7°C under the outside temperature).
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What is also important is the regular maintenance and cleaning of air filters in the
airconditioning systems. Filters in air conditioning system can reduce dust particles
circulation within the indoor environment. However, after operation of a certain period,
dust will accumulate in the air filter to increase the pressure drop and hence increase
the energy consumption of air fans.
The solution is to clean the filters regularly. This can not only save energy due to the air
fans working more efficient, but also improve indoor air quality. Cleaning of air filters
can usually save 5 to 20% fan power.
In the chapter “Choosing indoor lighting” the correct steps for the implementation of EE
measures in lighting are described. The EMS team should advise and find solutions for
new lighting systems. As shown on the picture below the lighting system in the
production hall is based on fluorescent T8 lighting. The luminaries are situated on the
walls thus illuminating also towards the ceiling which is not necessary. The light should
be focused on the work space and the correct method would be hanging luminaries from
the ceiling. The EMS team should have concrete assignments how to react to situations
like this and to find solutions. Also, on the figure below the steam pipes without
insulation can be seen and thus loosing heat.

Figure 107. Wrong and inefficient position of the luminaries with fluorescent tubes (back) and uninsulated
tubes for steam

Water is an important part of the EMS and as one needs electricity for pumping water
and bringing it to the consumer, water is also considered as “energy” in energy audits
and energy efficiency projects. With a functioning EMS every unnecessary drop can be
saved and thus preventing situations like on the figure below.
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Figure 108. Water leakage in production hall

As stated from the company below is the planned new production hall which is close to
the boiler room. The recommendation is to set up a functioning EMS so each new
planned measure can be discussed and planned with the EMS team which is included in
decision making.

Figure 109. Planned new production line close to boiler room
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Table 14. Additional measures to consider by EMS team

Measures to consider for EMS team in the near future:
Changing of the cooling systems with more efficient ones (only 2 that are
working, not the backups)
Solar thermal collector for preheating the water for the boiler (60-70 °C)
Pipes for cooling not insulated
Turning off the compressors 1 hour before the end of the work time
All heating pipes in the building not insulated, 105°C outer temperature needs to
be insulated to reduce heat loss

Revitalisation of the lighting system
The lighting system in the company is based mostly on inefficient T8 fluorescent lighting
with electromagnetic ballasts. In the text above the negative effect and the losses of the
electromagnetic ballasts is described. However, the solution for changing light sources
in the luminaries which are already provided is possible. So, all the electromagnetic
ballasts can be changed with electronic as normal maintenance. The second option is to
change the T8 tubes into T5 (which are a bit shorter) with adapters for the replacement
of the T8 with T5 tubes. While changing the T5 tubes all the electromagnetic ballasts
have to be changed with electronic.
For purpose of calculation a method that is advised and should be used in all new
project regarding EE measures of the lighting system. The calculations are easy, user
friendly, the light sources and lamps, gear and luminary can be chosen by supplier and
producer (as plug-ins) and each room obstacle, windows, doors or furniture can be
added, thus illumination can be viewed and adjusted. The software used for this
calculation is ReLux which is a freeware.
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Figure 110. Illumination calculation according to Relux software - current state with fluorescent lamps

The average illumination of the refrigerator (main refrigerator connected to company
were heat losses of fluorescent lamps was measured, see figure above) is 143 lux for
which the recommended illumination is from 200 to 300 lux. However, the calculated
illumination of the working space (height 0,75m from ground) is above 200 lux when
39W LED lamps are used. This type of lamp does not produce heat losses in the already
cooled refrigerator. LED lamps work well under colder temperatures and have a
reduced life span if heated.
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Figure 111. Printscreen from ReLux calculation for refrigerator with new LED lamps

The software can show 2D and 3D simulations of the illumination and more as shown on
the figures below. With a feature like this an uniform illumination of the whole room can
be achieved.

Figure 112. 2D illumination view of analyzed refrigeration room
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Figure 113. 3D illumination view of analyzed refrigeration room

The calculation for the replacement of fluorescent lamps 2x36W (actually 2x46W
because of ballast losses) of main refrigerator room into to LED lamps of 39W is given in
table below.
Table 15. Replacement of fluorescent lighting of main refrigerator room into to LED lamps

Description of measure:

Investment:
Savings:
Simple payback period:
Life expectancy of equipment:
Additional info

Replacement of fluorescent lighiting
(2x36W
T8
lamps
with
electromagnetic ballast) of main
refrigerator room into to 39W LED
lamps (option - till 50W LED lamp)
360 USD (9 lamps, 35 USD per lamp, 10
USD for change of each lamp)
1.335 kWh or 62 USD (2.800 working
hours)
5,8 years
Each new bulb has a life expectancy of
30.000 hours
The 2x36W fluorescent lamp has losses
of 20 W per lamp. The new LED lamp
has no losses and does not heat
significantly. The important fact is that
good LED lamps with a quality CRI and
lumen/W are used. The lumen/W for
this calculation is in between 90 and
100.

The recommendation of revitalization of the rest of the fluorescent lighting is to
change all the light sources to LED (hanging luminaries in the production halls)
with a high CRI and lumens/W of more then 90. The lamps used should be in
between 50 and 100 W.
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However, for the purpose of calculation, the second option, for the rest of the fluorescent
lighting is to keep all the luminaries and change the ballasts and fluorescent tubes from
T8 to T5. The fluorescent lighting with magnetic ballasts should be changed during
standard changing after equipment gets broken or reduces in efficiency due to
obsoletion. So the equipment does not need to be changed in total, but in segments. T5
fluorescent tubes could be used with adapters and electronic ballasts in the existing
luminaries or LED technology.
The calculation for the change of the rest of the fluorescent lighting is given in the table
below.
Table 16. Replacement of rest of fluorescent T8 tubes to T5 tubes and electronic ballasts

Description of measure:

Investment:

Savings:
Simple payback period:
Life expectancy of equipment:
Additional info

Replacement of fluorescent lighting
(2x36W T8 tubes and ballasts with
electromagnetic ballast) to T5
fluorescent tubes with electronic
ballasts and adapters for use in
same luminaries
4.800 USD (84 lamps 2x36W and 16
4x18W lamps changed with 84 lamps
2x28W and 16 4x14W lamps in total
1.740 USD for T5 tubes, 1.508 USD for
electronic ballasts, 696 USD for
adapters
and
856
USD
for
implementation)
3.290 kWh or 422 USD (2.800 working
hours)
11,4 years
Each new tube has a life expectancy of
35.000 hours
The 2x36W fluorescent lamp has losses
of 20 W per lamp. The 4x14W
fluorescent lamp has losses of 20 W
per lamp due to ballast losses. The new
T5 tubes and electronic ballasts have
losses of less then 6% on light source
rated power, so for an 2x28W lamp the
losses are around 3,4 W and for a
4x14W lamp around 3,6W. The
important fact is that good T5 tubes
and electronic ballasts with a quality
CRI and lumen/W are used. The
lumen/W for this calculation was taken
from renowned suppliers and is in
between 110 – 120 lumen/W .

So the conclusion of the two calculations is that economically the LED option is more
cost-effective. The option with electronic ballasts and T5 tubes is recommended in all
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new systems and the change to T5 tubes recommended only if the luminaries are
efficient and still good. However, the high class T5 tubes have a longer life span then LED
lamps and more lumens/W. An option is also to change lamps and gear for each
luminary when it breaks down or stops working because of obsoletion. The
recommendation are as stated above and should be taken into account in all future
projects and planning by the EMS team of the company.
Install more efficient doors to the refrigerator (revolving doors) or ideally connect two
refrigerator because of outside air infiltration when opening the doors (5°C loss in just 5
minutes)
Shoshir uses two refrigerator rooms which are insulated well and have no significant
insulation losses (losses measured at site, this type of freezer wall good and efficient,
capable for replication). However, between the two refrigerators is constant transit of
goods and people and the refrigerators are not connected directly but through an
outdoor passageway the constant opening and closing of doors causes big temperature
losses, 5°C in 5 minutes while the door opened just 3 times in this period.

Figure 114. The passage way from one refrigerator to the other to be connected

By connecting the two refrigerators with an insulated passageway the loss of
temperature will be reduced significantly. In refrigeration technology 5°C can result in
5-10% energy consumption reduction.
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Energy cost in different operating temperature of a refrigeration room:
Temperature Real
Costs
5
354.78

Savings from
-30 (USD)
114.975

0

427.05

42.705

-5

469.755 0

Figure 115. Warm air infiltration to one of the refrigerators, the inside temperature was 9°C, the outer air was
23°C, recommendation to connect the two passage ways

Thermal insulation of heating pipes from boiler to the production halls
The steam pipes from the boiler room to the production halls are badly insulated. The
temperature of the steam pipe starts from the boiler room with 144°C, arriving to the
production hall with 105°C (over 250 meters of pipe).
The heating system is described above. As the starting temperature of steam is 144°C,
over 25% of temperature is reduced due to losses. The same situation happens with the
return of the condensate from the production line to the boiler room. The temperature
from the production line is 44°C and when it arrives to the boiler room it decreases to
33°C. The measuring was done in April 2016 while the outside temperature was average
20°C. The heat losses are even bigger in the winter time while the temperatures drop to
0°C or below.
Heat losses from hot water and steam pipes are a preventable energy loss, and is
decreased with effective thermal insulation. Boilers heat water to the correct
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temperature, after which it is transported in pipes. The “duty” of the thermal insulation
is to keep the water at the right temperature until it reaches its destination.
At ambient temperatures of 0°C the heat loss is calculated (according to the
measurement and the pipe diameter):
Insulated:
Heat loss: 36,3 W/m
Section total heat loss (250meters): 9.075 W
Not insulated:
Not insulated heat loss: 210 W/m
Not insulated heat loss: 52.500 W
Surface temperature: 18 °C
Dewpoint: -18.4 °C
The losses on a not insulated pipe are 210W/m and losses on an insulated pipe with just
20mm alu-wool coating are 36W/m. The total length of the not efficiently insulated pipe
is approximately 250 meters, which means the losses are around 52 kW (for the
insulated pipe around 9 kW).
By insulating the pipes with minimum 4 cm of new alu-wool insulation (preferably even
more, the old insulation is broken and not efficient) reduction of energy loss of the pipes
would be more than 80% with 7-10% reduction of total energy consumption. The
return of the investment would be in 1-2 years.
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LLC "Dilpisand" (Sambusai 33)
General info
Name:
Address:
Contact person:
Position of contact person:
Tel.:
Fax:
E-mail:

Number of employees:
Working hours (describe the working
hours, shifts etc.):

LLC Dilpisand
Khujand, north-eastern industrial zone
Pulatov Bobojon Barotovich
Deputy Director of Administration
(+992)92-843-47-49
dilpisand_cmd@mail.ru
165 employees, including 25 men and 140
women, 84 employees work in the production
hall
7:00 to 17:00 one shift

Collective holiday:

No

Nature of business

Production of semi-finished products of the
national fast food sambusa and manti

LLC “Dilpisand” is situated in the north-eastern indistrisal zone of Khujand. The
company produces semifinished products sambusa and manti. The company is well
maintained, clean and professional.

Figure 116. Part of the administration building and the production hall of LLC "Dilpisand"
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Description of buildings and systems
At the location there are two buildings, the production hall and the administration
building. The buildings are from the year 1986 and 1989 but were refurbished. The
production hall is a simple concrete structure with full bricks, the windows are with
insulating double glazing. Still the part which was refurbished is insulated with
sandwich panels (metal sheet with thermal insulation) as seen on the picture above. The
roof of the administration building is not insulated while the production hall has thermal
insulation with EPS. The information about the thickness of the insulating material was
not available while visiting the company.

Figure 117. Production process in LLC "Dilpisand"

Additional to the two buildings are also containers (shown on the figure below) set up in
offices, heated and cooled with split cooling units and electrical heaters.
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Figure 118. Additional offices of the company in containers

Figure 119. PVC windows with insulating double glazing

The windows are relatively efficient, as are the sandwich panels used to insulate the
walls. But, while refurbishing a building all parts of the building envelope should be
considered. Often the thermal insulation of the roof is the cheapest EE measure and
brings easy energy savings.
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Figure 120. Decentralised heating and cooling system of buildings based on split cooling units

The heating and cooling system of the two buildings is based on individual split cooling
units often seen with to much capacity for a small office then needed. The hole complex
has 10 split cooling units which is together 27 kWel or around 81 kWhth. In addition,
there are 5 electric heaters (12,5 kW) for heating and 4 electric boilers (8 kW) for
preparation of DHW. The overall installed capacity for heating is almost 100 kW. This
type of heating is not centralized and thus for a complex like this acceptable only
because of the low electricity prices.

Figure 121. LEDs in the offices
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The lighting is base on LEDs which are efficient but as measured on the field, low quality
with less lumen/W then commercially available today (with over 80-90 lumens/W).

Figure 122. LED reflectors in the production hall

One of the biggest consumers of electrical energy in the company is the refrigeration
system of 79,2 kW cooling power for the shock freezing process before the product is
stored. The system is relatively new, from the year 2013. Shown on the figure below is
the system for which operating conditions are of the essence. Energy efficiency of new
refrigeration systems and electromotor systems is all in the operation and maintenance.
So following the instructions of the producers are of the essence.
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Figure 123. Refrigeration unit for the shock freeze room (water cooled)

However, if seen on the figure below the excess heat of the refrigeration unit can be up
to 70 °C (fluid temperature towards condenser measured).

Figure 124. Warm tank of condenser to cooling tower

The fluid is the cooled with fresh water in the outside cooling tower show on the picture
below.

113

Figure 125. Cooling tower with water cooling – own pump for water

This warm water could be used to preheat the warm water of a centralised heating
system (or DHW production). As the company stated the centralisation of the heating
system has been discussed and recommendation for the heating system are included
below in the chapter “Energy efficiency measures”.
There are two additional cooling units for the storage refrigeration rooms. All are well
insulated and no energy losses have been measured on the outer walls. The units are
Bitzer refrigeration units shown on the picture below.

Figure 126. One of two smaller refrigeration units for storage refrigeration room (air cooled)
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A significant consumer of electricity are the freezers which are situated close to each
other in the main production hall. The freezers are shown on the figure below. There are
in total 42 freezers of the lowest energy efficiency level of the Chinese Energy Label
(Category 5).

Figure 127. Freezers in the main production hall

Energy and water consumption
The company uses electricity and water for the normal operation and production
process.
The yearly electricity consumption as stated from the company is 401.208 kWh
for which the company pays 164.566 Somoni.
The water for the production process is pumped at the location. They company
buys 6.000 liters of fresh drinkable water a year for which the company pays 180
Somoni.
Energy efficiency measures
Energy management system and Green procurement
The concept of an EMS is described above in the chapter “Energy Management System”
as part of the chapter “Energy Audits”, while the Green Procurement concept is described
under the chapter “Green Procurement”.
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The company has no EMS and no person in charge for energy and water management,
environmental management or waste management.
The company is heated and cooled with split cooling units. Two companies in the same
complex have boilers which are oversized for their needs. Also, the management stated
that they discussed an option of building a centralized system in the future for LLC
“Dilpisand”. This strategy should be a part of the EM action plan where the EMS team is
included in the decision making. As shown on the figure below, a split cooling unit with a
power of 2,7 kWel (7 kW cooling and heating capacity) for a room of 17,6 m2. The above
stated capacity is to high for the room. A capacity of 2 kW would be enough, thus a split
cooling unit of 1,1 kWel is enough. Each unit or part of the equipment should be revised
and monitored by the EMS team.

Figure 128. Cooling and heating power of split cooling unit

The DHW system should not work on maximal power also. The temperature regulation
can be adjusted to the needs of the company thus preventing unnecessary losses (see
figure below). It is advised to shut down the electric boiler after they are needed which
is an easy measure and saves a lot of electrical energy.
On the figure below the electrical heaters in offices are shown. This type of heating is
inefficient and acceptable for the company only because of low electrical energy prices.
If the company would centralize the heating system there would be no need for
electrical heaters.
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Figure 129. Heating of boiler on maximal power

Figure 130. Additional electric heaters in the rooms

The duties of the EMS team are also control and maintenance of the work place. The
company changed to LED lamps in the last years which are efficient and save energy.
But, still work space with low quality light, low illumination or low CRI are found. See
figure below where illumination of the work space is measured 77 lux for a work space
that needs over 200 -300 lux. The method how to choose indoor lighting is given in the
chapter “Choosing indoor lighting” and should be a standard component of the EMS.
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Figure 131. Room with new LED lamps, 50W but low in lumens/W, so each workspace that should have 300
lux is lower then 100 lux

Understanding the equipment and the process is a vital part of the EMS. As seen on the
figure below the two cooling units on the containers are put close to each other. These
parts of the cooling unit should be separated to achieve more ventilation and cooling so
the equipment works more efficient.

Figure 132. Two cooling units have cooling condenser close to each other thus heating each other
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Table 17. Additional measures to consider by EMS team

Measures to consider for EMS team in the near future:
“Green Office” easy measures regarding energy savings in office equipment and
quality operation of electric heaters (computer are “ON”, heaters on maximum
power)
Better thermal insulation of shock freeze heating pipes

Energy management of the freezers
Large quantities of freezers of varying temperatures are a necessity for most food
industries, and this requirement can put a large strain on productions in terms of energy
consumption. There is much debate about how freezers may be efficiently managed in a
manner that allows a maximum in savings while still providing necessary cold storage.
To help address these concerns, a set of meter readings was performed by an Roslin
Institute on a variety of freezers/fridges at varying temperatures to elicit particularly if
raising the temperature of -80°C freezers by intervals of 5°C results in significant energy
savings.
Measuring:
•
•
•

•

Energy meters were standardized on a single fridge to ensure they were giving
similar readings over a course of 24 hours
All freezers and fridges were allowed a minimum of 24 hours to adjust to any
temperature they were set to, and all readings were taken over 24 hours
3 different -80°C freezers of the same make and model (New Brunswick U-725)
were used for the primary readings. They were each set to 3 temperatures
(minus 70, 75, and 80°C) in differing orders in attempt to negate any possible
effects of weather conditions on energy consumption as the ventilation of their
space was partly natural and relied on outside conditions
All 3 freezers for primary readings were 75% full or more, and were all archive
freezers indicating that they were not being opened on a daily basis

Results:
The diference between -75 and -80°C was cca 10% of energy saved and the difference
from -80 to -70°C was over 20% of energy saved.
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Table 18. Savings for temperature change in refrigerators

Temperature Real
Costs
-70

454.78

Savings
from -80
(USD )
114.975

-75

527.05

42.705

-80

569.755 0

-70

428.5

113.12

-75

541.64

91.98

-80

633.62

0

-70

308.79

154.395

-75

390.915 72.27

-80

463.185 0

Average Percent Change per Temperature
Variation
30

25

% Change
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5

0
Avg % change for 70-75

Avg % change for 75-80

Avg % change for 70-80

Figure 133. Average percent change per temperature variation

Energy consumption costs and change in energy consumption when lowering the
temperature savings over the course of one year, calculated at 0,10 USD per kWh for 3
different freezers.
Suggestions:
For applications that require extremely low temperatures such as a blast freezer, a twostage compressor is usually preferred. An “economized” single stage system may allow
operation at slightly lower suction temperatures while providing the necessary cooling
and avoiding the cost of a two-stage system:
1. Shock freezer waste heat energy can be used (probably to preheat the
water for the heating system in the future or the DHW production)
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2. 42 freezers (standard freezers) in the prodcution hall are inefficient (third class
accoridng to Chinese Energy label) and can be changed through functioning
Green Procurement and working EMS
3. 2 compressors for the storage frezzer (freezer volume 200m3) which are
inefficient and work 24/7 could be changed during future projects.

Install variable speed controller
“Dilpisand” uses 2 AC fixed speed compressor motors for their storage freezers that
works 24/7. Many fixed-speed motor load applications that are supplied direct from AC
line power can save energy when they are operated at variable speed.
Such energy cost savings are especially pronounced in variable-torque centrifugal fan
and pump applications, where the load's torque and power vary with the square
and cube, respectively, of the speed. This change gives a large power reduction
compared to fixed-speed operation for a relatively small reduction in speed.
For example, at 63% speed a motor load consumes only 25% of its full-speed
power.
This reduction is in accordance with affinity laws that define the relationship between
various centrifugal load variables.
For “Dilipisand” the motors are optimized but without speed control and the motors
always use full speed even if the temperature outside is below zero and the cooling does
not have to be at full capacity.

Figure 134. Scheme of variable speed control of electric motor

Change of the heating system (recommendation of heat pump)
“Dilpisand” heats and cools their building on split A/C units and electric induction
heaters. All together they use over 50kW of heaters, they have no centralized heating
and have a plan to have more offices and training rooms. For that purpose they would
need a good centralized system. Also, what was observed and previously mentioned that
they often install split A/C units which are oversized for some rooms.
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For climates with moderate heating and cooling needs, heat pumps offer an energyefficient alternative to furnaces and air conditioners and taking into account the cheap
energy prices in Tajikistan and that the location there is already a well, the heat pump is
an ideal option.
Like a refrigerator, heat pumps use electricity to move heat from a cool space to a warm
space, making the cool space cooler and the warm space warmer. During the heating
season, heat pumps move heat from the cool outdoors into a warm building and during
the cooling season, heat pumps move heat from cool building into the warm outdoors.
Because they move heat rather than generate heat, heat pumps can provide equivalent
space conditioning at as little as 25% of the cost of operating conventional heating or
cooling appliances.
The coefficient of performance or COP (sometimes CP, important to know by EMS
team!) of a heat pump is a ratio of heating or cooling provided to work required. Higher
COPs equate to lower operating costs. The COP may exceed 1, because, instead of just
converting work to heat (which, if 100% efficient, would be a COP of 1), it pumps
additional heat from a heat source to where the heat is required. COP is highly
dependent on operating conditions, especially absolute temperature and relative
temperature between sink and system, and is often graphed or averaged against
expected condition.
A heat pump operating at COP heating 4,5 provides 4,5 units of heat for each unit of
energy consumed (i.e. 1 kWh consumed would provide 4,5 kWh of output heat).
Given the same energy source and operating conditions, a higher COP heat pump will
consume less purchased energy than one with a lower COP.
“Dilpisand” could install an air to air heat pump with chiller towers installed on the roof
site, the air source heat pump is used for heating and cooling of the building so it would
be twice the benefit to install it and have a more efficient cooling in the summer and
more efficient heating in the winter. The air source heat pumps usually have a 1kWh of
energy to 4-4.5kWh of heat so it would consume 4 times less energy than an electric
heater or conventional heating system.
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LLC “FAROVON-1"
General info
On the location of LLC “FAROVON-1” are actually 4 companies all part of the same group
“FAROVON-1”.
Description of buildings and systems
The companies consist of one administration building, one metal structure factory, a
chicken factory, livestock food producing factory and wheat factory. During the visit the
administration building was refurbished and the windows were changed into double
glazing windows shown on the figure below. During the visit data for energy and water
consumption has been gathered. As stated from the responsible person the complex has
one heating systems which supplies the buildings with steam and warm water
(administration building) except the chicken factory which is remote. So, the below
analysed buildings are only the administration building, the livestock food factory, the
wheat factory and the boiler room.

Figure 135. Administration building
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Figure 136. Aluminium windows with insulating double glazing

Figure 137. Coal boilers in the boiler room

The administration building is heated with warm water from the mixing collector/valve
in the boiler room. The steam is mixed with cold water and brought to the radiators of
the administration building.
The rest of the buildings are not heated. Only steam for the production process is used.
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Figure 138. Heat distribution valves for each building and process

Figure 139. Mixing valve/collector for administration building

On the figure below the radiators from the administration office are used. However, the
radiators are only equipped with simple valves leaving no option for regulation of the
inner temperature. The recommended solution is to use thermoregulation valves which
enable a better regulation of temperature for each room.
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Figure 140. Radiators in the administration building

Figure 141. Storage of rest waste from the livestock food production, corn and chicken factory

The steam pipes of the heating system run from the boiler room across the complex for
over 100 meters and are no well insulated. The heat loss could not be measured as the
boilers were run a day before the visit and were already cooling down. This is a major
heat loss especially during winter were steam pipes should be at least put under ground
and well insulated.
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Figure 142. Damaged insulation on steam pipes

The lighting system of the buildings is based mostly od LEDs. The LEDs used are
standard market available LED bulbs and reflectors shown on the picture below. The
reflectors are 50W each with no more then 3000 lumens. However, there are some high
pressure mercury lamps (250W bulbs) which are left from before still operating. These
light sources are inefficient and not used today in new systems. However, one newer
generation high pressure mercury lamp can have around 13.000 lumen of light (which is
52 lumens/W). The old generation can get low as 3800 lumens/W. So there is a big
difference in the available lamps on the market. One energy efficient 50 W LED reflector
as the ones installed in the production hall are estimated to have not more than 3.000
lumens (around 60 lumens/W). So it is extremely important to know these
characteristics if sufficient overall illumination want to be achieved.
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Figure 143. Small LED GU10 reflector bulbs in the administration building

Figure 144. New inefficient LED reflector (50W)

128

Figure 145. Old inefficient high pressure mercury lamps (250W)

Energy and water consumption
The company uses electricity, coal and water for the production process. The energy and
water consumption was not available during the visit.
Energy efficiency measures
Energy management system and Green procurement
The concept of an EMS is described above in the chapter “Energy Management System”
as part of the chapter “Energy Audits”, while the Green Procurement concept is described
under the chapter “Green Procurement”.
The company has no EMS and no person in charge for energy and water management,
environmental management or waste management.
During the visit the main administration building, the only heated and cooled building of
the company, was refurbished. The windows were changed into double glazed insulating
PVC windows but no insulation was put on the walls or roof. The company produces its
own EPS so it would not be of significant cost. But the company stated that they have not
bad winters. With a functional EMS the conscious of the same is raised and the operation
of the systems understood. The building while heated would significantly reduce heat
energy losses, and while the whole building is also cooled at summer time the electrical
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energy is saved too. The problem again is the low price of the electricity and the coal.
While the electricity prices are on the rise the view on these things will change too.

Figure 146. Local production of EPS for insulation

The duties of the EMS team are to suggest such recommendations and to be included in
decision making while presenting each measure in its own life cycle cost analysis.

Figure 147. Electrical heaters in administration building

The building is heated with warm water from the boiler room which is actually steam
cooled down with cold water and then brought to the administration building through
not efficiently insulated pipes. Still, electrical heaters are found in the company and the
building while having a relatively new system has no temperature regulation. All these
segments are monitored by the EMS team and improved during the normal operation of
the company.

130

Figure 148. Stand by of specific production equipment

On the figure above the switch of the welding machine is switched “ON” so the
equipment while still not working has losses due to stand-by mode. A person designated
from the EMS team should be in charge for checking all equipment while the production
process stops and the equipment is not needed. The equipment life span is prolonged
also if the equipment is shut off according to recommendation of producer.

Figure 149. Low quality C category Chinese Energy label motors

Green procurement is of the essence in industrial buildings were motors and pumps are
changed periodically. A functioning EMS acts on all inefficient systems and should advise
to buy more efficient systems which can cost more in the starts but are cost effective in
their life span. See figure above which shows relatively new electromotor of low
efficiency and the third C class Chinese Energy label. That labels should be made so that
each more efficient class (A – most efficient, B – second efficient, C – lowest efficiency)
which is more expensive pays off itself in its lifetime compared to the more cheaper one.
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Figure 150. The distributing collector of steam for each building showing that valves are open even if
buildings do not need steam

The EMS team performs occasional energy audits and reviews of the systems. As seen on
the picture above, the distributing collector of steam which separates steam pipes to
different buildings and production processes is found to be around 70°C. When the
picture was taken the system was not running for already a day, and it was used only in
one production hall, thus only one pipe was needed. But by measuring the temperature
of all pipes the conclusion was made that all valves were open because the company
close the valves of the pipes which are not needed at the production side. So, each pipe is
heated with hot steam and some are long as 150 meters (not well insulated) and
produce unnecessary heat losses. The correct method would be to close the valves at
the boilers side. These situations are a vital part of the duties for the EMS team where
each system and the people operating it should be reviewed and well trained.
Optimization and operation:
• Reduce equipment operation time to minimum required
Turn off equipment during lunch and breaks, or other times when it is not
required.
• Interlock equipment with a related process
If a particular piece of equipment is dedicated to specific process that requires
additional equipment, they can all be interlocked so all will be de-energized when
the operator turns off one piece of equipment.
• Operate equipment such as a grinder in batches then shut off
A piece of equipment like a grinder may run continuously although material only
runs through it occasionally. An alternative approach with no installation cost is
to allow material to collect and assign someone to periodically turn it on to
process the material in batches. If material collection is left unmonitored, the
collection bin can overflow requiring additional labor for clean up. Jamming
problems could also develop.
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•

Batch processing also has potential for increasing demand charges if the
equipment is more heavily loaded.
Install timers, level sensors, material sensors, or other controls for
automatic operation and/or to shut off equipment as required.
For example: Install material sensor and timer on equipment such as a grinder –
set to turn on with set accumulation of material and turn off after allowable idle
time.

Revitalisation of the lighting system
The lighting system in the company is based on new LEDs for which it is important while
choosing indoor lighting to follow the correct methods described above in the chapter
“Choosing indoor lighting”. This method and the method used in the calculation of
illumination and dimension of lighting system of LLC “Fortuna” should be used in all
new EE measures in electrical lighting.
The calculations are easy, user friendly, the light sources and lamps, gear and luminary
can be chosen by supplier and producer (as plug-ins) and each room obstacle, windows,
doors or furniture can be added, thus illumination can be viewed and adjusted. The
software used for this calculation is ReLux which is a freeware.
The rest of the lighting system of LLC “FAROVON-1” is based on inefficient high
pressure mercury lamps of 250W and old magnetic ballasts (losses for each ballast
over 25W) and fluorescent lighting with T8 tubes and electromagnetic ballasts.
The high pressure mercury lamps have inefficient magnetic ballasts which result in
losses of 25W per lamp, have low CRI and the color temperature can not be chosen in a
wide range.
The high pressure mercury lamps can have around 10.000 lumens and more for new
light sources of renowned producers, but mostly are below 9000 for old light sources. So
the LEDs chosen by the company are 50 and 98W LEDs which were installed and are
already in use. However, these light sources while being efficient still do not produce
more then 4.000 – 8.800 lumen. So quality LED reflectors are needed and should be
implemented. The chosen lamp has over 10.000 lumens and should have a high CRI as is
required for a workplace were people are working in close contact with machines.
The calculation for the replacement of high pressure mercury lamps of 250W into LED
lamps of 150W is given in table below.
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Table 19. Replacement of high pressure mercury lamps with LED reflectors

Description of measure:

Investment:
Savings:
Simple payback period:
Life expectancy of equipment:
Additional info

Replacement of high pressure
mercury lamps of 250W (estimated
9.525 lumen) with LED reflectors of
150W (10.000 – 12.000 lumen)
780 USD (13 lamps, 40 USD per lamp
with shipping, 20 USD for change of
each lamp)
4.550 kWh or 207 USD (2.800 working
hours)
3,8 years
Each bulb has a life expectancy of
50.000 hours
The 250 W high pressure mercury
lamp has losses of 25 W per lamp. The
new LED lamp has none. It is important
to choose high quality LED. The
calculation was made with LEDs with
at least 75 lumens/W, CRI in between
80 and 90%, and color temperature
3000 K (warm daylight).

Also, the fluorescent lighting with magnetic ballasts should be changed during standard
changing after equipment gets broken or reduces in efficiency due to obsoletion. T5
fluorescent tubes could be used with adapters and electronic ballasts in the existing
luminaries or LED technology. The fluorescent lighting with magnetic ballasts should be
changed during standard changing after equipment gets broken or reduces in efficiency
due to obsoletion. So the equipment does not need to be changed in total, but in
segments. T5 fluorescent tubes could be used with adapters and electronic ballasts in
the existing luminaries or LED technology.
The calculation for the change of the rest of the fluorescent lighting is given in the table
below.
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Table 20. Replacement of rest of fluorescent T8 tubes to T5 tubes and electronic ballasts

Description of measure:

Investment:

Savings:
Simple payback period:
Life expectancy of equipment:
Additional info

Replacement of fluorescent lighting
(2x36W
T8
tubes
with
electromagnetic ballast) to T5
fluorescent tubes with electronic
ballasts and adapters for use in
already used luminaries
820 USD (20 lamps 2x36W T8 changed
with 20 lamps 2x28W T5, in total 300
USD for T5 tubes, 260 USD for
electronic ballasts, 60 USD for adapters
and 200 USD for implementation)
448 kWh or 20,5 USD (2.800 working
hours)
40 years (acceptable only for regular
maintenance and change due to
obsoletion)
Each new tube has a life expectancy of
35.000 hours
The 2x36W fluorescent lamp has losses
of 20 W per lamp. The new T5 tubes
and electronic ballasts have losses of
less then 6% on light source rated
power, so for an 2x28W lamp the
losses are around 3,4 W. The important
fact is that good T5 tubes and
electronic ballasts with a quality CRI
and lumen/W are used. The lumen/W
for this calculation was taken from
renowned suppliers and is in between
110 – 120 lumen/W .

So the conclusion of the two calculations is that economically the LED option is more
cost-effective. The option with electronic ballasts and T5 tubes is recommended in all
new systems and the change to T5 tubes recommended only if the luminaries are
efficient and still good. However, the high class T5 tubes have a longer life span then LED
lamps and more lumens/W. An option is also to change lamps and gear for each
luminary when it breaks down or stops working because of obsoletion. The
recommendation are as stated above and should be taken into account in all future
projects and planning by the EMS team of the company.
What is important to notice is that high pressure mercury lamps and fluorescent
lighting are hazardous waste, and need correct storage and disposal. It is not
allowed to through them into the garbage as they have hazardous components of
mercury powder, metal and glass and thus need to be recycled.
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Insulation of administration building
The administrative building has no thermal insulation, the building is heated in the
winter time and cooled during summer time. Thermal insulation is the reduction
of heat transfer (the transfer of thermal energy between objects of differing
temperature) between objects in thermal contact or in range of radiative influence. Low
thermal conductivity (k) materials reduce heat fluxes. The smaller the k value, the larger
the corresponding thermal resistance (R) value. Thermal conductivity is measured
in watts-per-meter per kelvin (W·m−1·K−1), represented as k. As the thickness of
insulating material increases, the thermal resistance—or R-value—also increases. So to
conclude, the thicker the thermal insulation the less heat transfer which gets us to less
energy used for heating and also cooling. Most commonly used materials for thermal
insulation of buildings are EPS (Expanded polystyrene) and mineral wool.

Figure 151. Mineral wool and EPS

By applying the thermal insulation (EPS or mineral wool) on the outer layer of the
building envelope the company coud save up to 70% of the energy used for heating and
cooling the administrative building.
Insulation or repair of heating pipes
Since pipework can operate at temperatures far removed from the ambient
temperature, and the rate of heat flow from a pipe is related to the temperature
differential between the pipe and the surrounding ambient air, heat flow from pipework
can be considerable. In many situations, this heat flow is undesirable. The application of
thermal pipe insulation introduces thermal resistance and reduces the heat flow.
Thicknesses of thermal pipe insulation used for saving energy vary, but as a general rule,
pipes operating at more-extreme temperatures exhibit a greater heat flow and larger
thicknesses are applied due to the greater potential savings, 70% heat losses can be
reduced by floating a layer of 45 mm diameter polypropylene (plastic) balls on the
surface of 90°C hot liquid/condensate.
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Figure 152. Badly insulated steam pipe with ruptures in insulation

Valve control in the boiler room
In order to avoid loses of up to 15% in the heating system it is required to monitor the
temperature of the steam at the start of the heating grid and to monitor the return of the
condensate.
It is important to keep condensate as warm as possible until it is returned back to the
feed water tank. However, if condensate returns in a condensate system that works at
atmospheric pressure, some of the heat will be lost in the form of flash steam. Only
liquid water returns to the boiler; any flash steam that remains by the time the
condensate gets back to the receiver is lost through the vent on the receiver. The amount
of flash steam depends on the pressure, and hence the temperature, at the discharge of
the steam using equipment.
If steam equipment operates at high temperature, much of the energy of the condensate
may be wasted. When the condensate drains to a condensate system operating at
atmospheric pressure, approximately half of the condensate will flash into steam. Part of
this flash steam condenses in the return pipe, and keeps the condensate warm. The rest
is lost through the vent at the condensate receiver. In order to monitor the heating grid
in the company it is important to install heating sensors so energy management can be
implemented and to avoid big losses because of poor management of energy.
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LLC “Real”
General info
Name:
Address:
Contact person:
Position of contact person:
Tel.:
Fax:
E-mail:

LLC "Real"
Sughd, Khujand, 3rd microdistrict, FEZ Sughd
Shukurov Abdurashid
Director
(+992) 927 411219
httl_ab2rashid@mail.ru

Number of employees:

22 employees, 20 men, 2 women

Working hours (describe the working
hours, shifts etc.):

2 shifts. From 8 am to 5 pm first shift. From 5
pm to 6 am second shift

Collective holiday:

no

Nature of business

Production of polyethylene pipes and electric
cables

LLC “Real” is a company situated in the Free Economic Zone in Khujand. The company
produces mainly polyethylene pipes and electric cables.
Description of buildings and systems
At the location there are eight buildings which include one administration building,
restrooms, dressing rooms, a storage building and production halls.
The buildings are simple concrete structures with brick walls. None of the buildings has
thermal insulation on the outer walls or roof. The administration building is the only
heated and cooled building. The windows in the administration building are double
glazed (insulation) PVC windows.

Figure 153. Administration building
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Figure 154. Double glazed (insulating) PVC windows

The heating system of the administration building is based on a simple electric boiler
with a capacity of 18 kW. The heating bodies in the administration building are radiators
without any valves, so regulation of flow or temperature is not possible. The boiler is
situated outside in a not insulated box. The heat losses can be reduced by insulating the
box and the hot water storage tank in the boiler or placing the boiler inside the building.

Figure 155. Heating system of administration building - electric boiler
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Figure 156. Hot water storage tank of electric boiler with low insulation

Figure 157. Radiators of the heating system of administration building
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Figure 158. Cooling system of administration building – split cooling unit

The lighting system of the administration building is based on compact fluorescent
lighting as shown on the picture below. These type of lamps should be changed into
LEDs when ever a lamp stops working. What is important to notice is that high
pressure mercury lamps (all high pressure discharge lamps) and fluorescent
lighting (including compact fluorescent lamps) are hazardous waste, and need
correct storage and disposal. It is not allowed to through them into the garbage as
they have hazardous components of mercury powder, metal and glass and thus
need to be recycled!! Recycling services should be available, and may be required
by regulation.

Figure 159. Compact fluorescent lighting in administration building
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The lighting system in the production halls is based on LEDs and one high pressure
mercury lamp in outdoor lighting that should be changed to LED as well.

Figure 160. LED reflector (50 W)

The reflectors are 50W each with no more then 3000 lumens. However, the lighting
system before were some high pressure mercury lamps (250W bulbs). These light
sources are inefficient and not used today in new systems. However, one newer
generation high pressure mercury lamp of 250W can have around 13.000 lumen of light
(which is 52 lumens/W). The old generation can get low as 3800 lumens/W. So this is
important to know if just all older high pressure mercury lamps were changed into LED
reflectors of 50W. If just the same amount of luminaries have been changed and no
additional LED reflectors added there is for sure less illumination then before.
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Figure 161. Fluorescent lighting with electromagnetic ballasts in production hall

The above shown luminary with fluorescent tubes (2 x 36 W) is an old inefficient
luminary. If the company will change the lighting system in the production hall LEDs or
T5 fluorescent lighting is advised. The above shown luminary dissipates light also into
the luminary body, so in future projects luminaries with reflectors and rasters are better
and more efficient. Also, due to electromagnetic ballasts used each tube of 36W has
losses of 46W. So, the above shown luminary has not 2x36W=72W but 2x46W=92W. In
future electronic ballasts should be used thus not having major losses, problems with
flickers and reactive energy, and loss of concentration of the workers.

Figure 162. Outdoor high pressure mercury lamp
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In the production halls there is some special purpose equipment basically for welding
polyethylene, building pipes of different diameters, and production of wires. The main
pipe producing machine is shown on the pictures below. The raw material
(polyethylene) passes a certain amount of preheaters and heaters heating up to 300 °C.
The polyethylene is then pressed into molds and cooled down with fresh water which is
pumped out of the ground on the company location. The water is then reused to irrigate
the garden. The water should be tested for dangerous particles before it is used for
irrigation not to pollute the soil.
Operating on constant capacity is the electromotor of 110 kW of the main pipe welding
machine. The equipment should be operated by the guidelines provided by the
producer. The electromotor is shown on the picture below. While changing of the
equipment new more efficient electromotors should be bought with efficiency rating
over 90% and compensated reactive power.

Figure 163. Main production hall
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Figure 164. 110 kW electromotor for the pipe welding machine

Figure 165. Wire pulling machine
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Figure 166. Wire preheating chamber

Additional equipment includes also wire pulling machines and other wire processing
machines. The wire is preheated in the small chamber shown on the pictures below. The
electric heater is 50 kW. They heat the chamber to 360 C for which they need 8 hours.
Then the material is heated for 40 hours (two batches). The chamber could be insulated
thus saving energy losses through the walls. The important duty of the EMS team should
be to optimize the chamber use so that the maximum of cables are preheated in shorter
time to minimize the losses.

Figure 167. Electroheaters of the wire preheating chamber
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Energy and water consumption
The company uses electricity and water for the normal operation and production
process.
The yearly electricity consumption as stated from the company is 826.811 kWh
for which the company pays 297.652 Somoni.
The water is pumped at the location.

Energy efficiency measures
Energy management system and Green procurement
The concept of an EMS is described above in the chapter “Energy Management System”
as part of the chapter “Energy Audits”, while the Green Procurement concept is described
under the chapter “Green Procurement”.
The company has no EMS and no person in charge for energy and water management,
environmental management or waste management. To raise the conscious for energy
efficiency and environmental protection is a process that the EMS team should work on.
Below some examples on low quality EMS are shown. Curtains reduce the amount of
heat dis tribute into the room where heating energy is needed. The curtains reduce the
flow of heat to the room and the heat is lost through the windows.

Figure 168. Radiators with curtains over them reducing quality heat distribution

Not only significant consumers are a part of a functioning EMS but also office equipment
and appliances. At the figure below computers are “ON” while the rooms is not occupied.
The office equipment should be turned “OFF” if not used and distribution cables with
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switches should be applied to all equipment. The EMS team periodically monitors the
offices and all other equipment so it does not stay “ON”.

Figure 169. Office equipment "ON" while the rooms is not occupied

Figure 170. Measured illumination of workspace with infiltration of daylight

The above figure shows the measured illumination of the workspace in the production
halls were big machines are operated. The recommended illumination is around 300 lux
but the measured with the influence of daylight is 160 lux. The problem is that the
company changed all high pressure mercury lamps with LED lamps of 50W and 98W
which have smaller values of lumens and thus result in low illumination of indoor
workspace. Choosing indoor lighting is a task of the EMS like all other EE measures
which are planned.
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Figure 171. Less efficient motors (Third category of Chinese Energy label)

Green procurement is of the essence in industrial buildings were motors and pumps are
changed periodically. A functioning EMS acts on all inefficient systems and should advise
to buy more efficient systems which can cost more in the starts but are cost effective in
their life span. See figure above which shows relatively new electromotor of low
efficiency and the third C class Chinese Energy label. That labels should be made so that
each more efficient class (1 – most efficient, 2 – second efficient, 3 – lowest efficiency)
which is more expensive pays off itself in its lifetime compared to the more cheaper one.

Replacement of heating of the office building
The 18 kW electric flow boiler works 24h in the winter time. The boiler is situated
outside in the cold without insulation and minimum insulation on the tank. The boiler
should be situated inside the building, heat pump could be installed on the location thus
leading to significant decrease of energy consumption.
Install heating regulation (no indoor regulation of heating, no thermostatic valves)
“Real” has an electric flow boiler that works 24h in the winter time, that is why it is very
important to have good regulation of the heating system, as none of the radiators in the
administrative building have thermostatic valves it is impossible to regulate
temperature and therefore they suffer losses of energy.
Thermostatic radiator valves do not control the boiler, they reduce the flow of water
through the radiator which they are fitted to when the temperature goes above a certain
setting so it is possible to set them to a temperature on a room level, etc. Offices can be
set to 22°C and hallways can be set to 20°C, by better management they save energy.
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By installing thermostatic valves on radiators and a thermostat for regulating the
heating temperature “Real” would be able to save up to 20% of their electrical bill used
for heating.

Figure 172. Thermostatic valves on radiators

Change of electric motors in the production hall
In Real they have an oversized motor of 110 kW of strength, by replacing the oversized
motor they could have significant reduction of energy consumption up to 40%. It is
common for motors to be progressively oversized in a facility as they are replaced. If a
motor of the same size is not available, the next size up is installed just to be on the safe
side. If a motor consistently operates at less than half of full load, it is not operating
efficiently and is a candidate for a downsizing assessment.
Motors consume the least amount of energy when they operate at their highest
efficiency. For most motors, this is from 75% to 110% of their rated load. As the motor
loading drops below 50%, the efficiency and power factor drops rapidly. The impact on
larger motors (those over 50hp) is less.
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Figure 173. Efficiency vs Motor loading

Power measurements (kW) to determine motor loading is preferred over amperage
readings because kW readings take into account the changes in power factor and
amperage that occur as the motor loading changes.

Repair or replace motor
An electric motor can be quick and cheap to repair so having it rewound and
reconditioned can be the obvious choice when it fails. However, a rewound motor could
typically suffer a drop in efficiency of around 0.5 - 2%, unless the work is carried out to a
high standard. This means a rewound motor may well have an efficiency several
percentage points lower than that of a new high-efficiency (IE3) motor. While the initial
repair cost may be lower, the reduced efficiency means the increased running costs will
quickly outweigh the initial capital cost saving. Furthermore, a rewound motor will
rarely be offered with the same guarantee period as a new product and could cost more
in breakdowns and lower reliability.
In considering whether to replace or repair a failed motor, it is therefore important to
understand the total lifetime cost, combining the purchase and installation cost with
running costs. Generally the larger the motor, the more likely for it to be economic to
repair, and so the decision to repair or replace can be reduced to a consideration based
on motor size and annual running hours.
It is good practice to set up motor policies containing guidance on this issue and to tailor
them to the local circumstances. Broadly speaking, the cost difference between repairing
and replacing a smaller motor (typically below 5,5kW to 11kW) is sufficiently small that
replacement should be the automatic choice, irrespective of running hours. Conversely,
for larger motors, repair is usually more economic, depending on the running hours. In
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between there is a ‘grey area’ which usually requires some thought or calculation before
the right choice can be made.
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LLC “Silkoat Boya”
General info
Name:
Address:
Contact person:
Position of contact person:
Tel.:
Fax:
E-mail:

LLC "Silkoat boya"
Sughd, Khujand, 3rd microdistrict, FEZ Sughd
Rustamov Alisher
Assistant of general director
927 004840
silkoatboya@mail.ru

Number of employees:

46, 8 of them are women

Working hours (describe the working
hours, shifts etc.):

1 shift. Working hours from 8 am till 5 pm

Collective holiday:

3 months collective holiday in winter.

Nature of business

Manufacture and sale of paints and decorative
plasters

The company “Silkoat Boya” is situated in the Free Economic Zone in Khujand. The
company produces paints and decorative plasters.
Description of buildings and systems

Figure 174. Production hall of Silkoat Boya
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At the location there are two main buildings. One building consists of administrative
offices, a production workshop, kitchen and storage, while the other is strictly a
production hall.
The two buildings are a standard concrete structure with full brick walls. The buildings
have relatively new double glazed insulating windows shown on the picture below.
However, the buildings have no thermal insulation.

Figure 175. Double glazed insulating windows

The only heated and cooled rooms are the offices in the first building. The heating and
cooling system are split airconditioning systems.

Figure 176. Split airconditioning systems for heating and cooling
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As shown on the figures below the lighting system is based on compact fluorescent
lighting and fluorescent lighting based on 18W T8 fluorescent tubes with
electromagnetic ballasts. This type of fluorescent lighting produces losses on
electromagnetic ballasts so each 18W fluorescent tube has additional 5W losses because
of the ballasts. So one luminary of 4 18W tubes is not 72W but 92W. In addition, the
above stated electronic ballasts can add to problems with reactive power and low
concentration of employees. The light sources with electromagnetic ballasts produce
flickering. Studies in the field of ergonomics have proven that loss of concentration,
headaches and similar can result after working in rooms with this type of artificial
lighting. The solution is to use T5 fluorescent tubes and electronic ballasts.

Figure 177. Compact fluorescent lamps in the offices

Figure 178. Fluorescent lighting with electromagnetic ballasts

The rest of the production halls use high pressure mercury lamps of 250W. This kind of
light source has significant losses because of the electromagnetic ballasts (at least 10%
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of the total power), lower light efficacy (lumen/W) and lower CRI then modern lighting
systems.

Figure 179. Production hall lighting system based on high pressure mercury lamps

Figure 180. Storage hall lighting system based on high pressure mercury lamps

The DHW is prepared with electric boilers. The boilers are not equipped with thermo
regulation and thus work only on an ON/OFF basis. The below figure shows one of the
electric boilers which is always on thus producing unnecessary losses.
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Figure 181. Electric boilers for preparation of DHW

The rest of the equipment is specialized equipment for mixing paints and similar as
shown on the figure below.

Figure 182. Equipment for mixing paint and similar in one of the production halls
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Energy and water consumption
The company uses electricity and water for the normal operation and production
process.
The yearly electricity consumption as stated from the company is 112.000 kWh
for which the company pays 40.320 Somoni.
The water is pumped at the location.

Energy efficiency measures
Energy management system and Green procurement
The concept of an EMS is described above in the chapter “Energy Management System”
as part of the chapter “Energy Audits”, while the Green Procurement concept is described
under the chapter “Green Procurement”.
The company has no EMS and no person in charge for energy and water management,
environmental management or waste management. To raise the conscious for energy
efficiency and environmental protection is a process that the EMS team should work on.
As stated from the company that they are already doing all possible to save energy and
water. Still, there is always place for improvements. And the improvements can start
with a functioning EMS which will take care of EM and Green Procurement in the
company. The company produces has significant profit with their end product and
energy and water bills are only a small part of the whole cash flow. But still, the
conscious is raised by applying EE measures to the smallest level so each airconditioning
system and office equipment are a part of the EMS too. A Green Procurement action plan
should be assembled and only high efficiency equipment bought. The figure below
shows an split airconditioning system which is “C” class efficiency rating. Buying “A” (A+
to A+++) energy efficient equipment is more expensive but can be more cost effective in
the whole life cycle.
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Figure 183. Energy lable "C" split airconditioning unit

Figure 184. Office equipment stays "ON" while the room is not occupied
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Figure 185. Office equipment stays "ON" while the room is not occupied

At the figures above computers are “ON” while the rooms is not occupied. The office
equipment should be turned “OFF” if not used and distribution cables with switches
should be applied to all equipment. The EMS team periodically monitors the offices and
all other equipment so it does not stay “ON”.

Figure 186. Lights are "ON" in a not occupied room
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Revitalisation of the lighting system
The lighting system in the company is based on fluorescent lighting with
electromagnetic ballasts and high pressure mercury lamps. It is important while
choosing indoor lighting to follow the correct methods described above in the chapter
“Choosing indoor lighting”. This method and the method used in the calculation of
illumination and dimension of lighting system of LLC “Fortuna” should be used in all
new EE measures in electrical lighting.
The calculations are easy, user friendly, the light sources and lamps, gear and luminary
can be chosen by supplier and producer (as plug-ins) and each room obstacle, windows,
doors or furniture can be added, thus illumination can be viewed and adjusted. The
software used for this calculation is ReLux which is a freeware.
The high pressure mercury lamps have inefficient magnetic ballasts which result in
losses of 25W per lamp, have low CRI and the color temperature can not be chosen in a
wide range.
The high pressure mercury lamps can have around 10.000 lumens and more for new
light sources of renowned producers, but mostly are below 9000 for old light sources. So
the LEDs should have at least 10.000 lumens or more. However, LED reflectors that can
be bought at the market in Tajikistan while being efficient still do not produce lumen/W
if bought from not renowned sellers. So quality LED reflectors are needed and should be
implemented.
The chosen lamp for this calculation has over 10.000 lumens and should have a high CRI
as is required for a workplace were people are working in close contact with machines.
The calculation for the replacement of high pressure mercury lamps of 250W into LED
lamps of 150W is given in table below.
Table 21. Replacement of high pressure mercury lamps with LED reflectors

Description of measure:

Investment:
Savings:
Simple payback period:
Life expectancy of equipment:
Additional info

Replacement of high pressure
mercury lamps of 250W (estimated
9.525 lumen) with LED reflectors of
150W (10.000 – 12.000 lumen)
1.980 USD (33 lamps, 40 USD per lamp
with shipping, 20 USD for change of
each lamp)
11.550 kWh or 4.158 USD (2.800
working hours)
3,8 years
Each bulb has a life expectancy of
50.000 hours
The 250 W high pressure mercury
lamp has losses of 25 W per lamp. The
new LED lamp has none. It is important
to choose high quality LED. The
calculation was made with LEDs with
at least 75 lumens/W, CRI in between
80 and 90%, and color temperature
3000 K (warm daylight).
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Also, the fluorescent lighting with magnetic ballasts should be changed during standard
changing after equipment gets broken or reduces in efficiency due to obsoletion. T5
fluorescent tubes could be used with adapters and electronic ballasts in the existing
luminaries or LED technology. The fluorescent lighting with magnetic ballasts should be
changed during standard changing after equipment gets broken or reduces in efficiency
due to obsoletion. So the equipment does not need to be changed in total, but in
segments. T5 fluorescent tubes could be used with adapters and electronic ballasts in
the existing luminaries or LED technology.
The calculation for the change of the rest of the fluorescent lighting is given in the table
below.
Table 22. Replacement of rest of fluorescent T8 tubes to T5 tubes and electronic ballasts

Description of measure:

Investment:

Savings:
Simple payback period:
Life expectancy of equipment:
Additional info

Replacement of fluorescent lighting
(4x18W
T8
tubes
with
electromagnetic ballast) to T5
fluorescent tubes with electronic
ballasts and adapters for use in
already used luminaries
702 USD (9 lamps 4x18W T8 changed
with 9 lamps 4x14W T5, in total 270
USD for T5 tubes, 234 USD for
electronic ballasts, 108 USD for
adapters
and
90
USD
for
implementation)
823 kWh or 38 USD (2.800 working
hours)
18 years (acceptable for regular
maintenance and change due to
obsoletion)
Each new tube has a life expectancy of
35.000 hours
The 4x18W fluorescent lamp has losses
of 20 W per lamp. The new T5 tubes
and electronic ballasts have losses of
less then 6% on light source rated
power, so for an 4x14W lamp the
losses are around 2,4 W. The important
fact is that good T5 tubes and
electronic ballasts with a quality CRI
and lumen/W are used. The lumen/W
for this calculation was taken from
renowned suppliers and is in between
110 – 120 lumen/W .

So the conclusion of the two calculations is that economically the LED option is more
cost-effective. The option with electronic ballasts and T5 tubes is recommended in all
new systems and the change to T5 tubes recommended only if the luminaries are
efficient and still good. However, the high class T5 tubes have a longer life span then LED
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lamps and more lumens/W. An option is also to change lamps and gear for each
luminary when it breaks down or stops working because of obsoletion. The
recommendation are as stated above and should be taken into account in all future
projects and planning by the EMS team of the company.
What is important to notice is that high pressure mercury lamps and fluorescent
lighting are hazardous waste, and need correct storage and disposal. It is not
allowed to through them into the garbage as they have hazardous components of
mercury powder, metal and glass and thus need to be recycled.
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Energy Management System
Management responsibility and budget plan for energy efficiency
The purpose of an Energy Management System (in this report referred to as “EMS”) is to
enable organisations to establish systems and processes necessary to improve energy
performance. A part of the system was already described in the “Energy audit” chapter
as a measure that has to be implemented with Green Procurement before all other
measures are implemented. The standard applies to all factors affecting energy use that
can be monitored and influenced by an organisation EMS does not specify energy
performance criteria. It provides a general-purpose system that allows organisations to
choose performance standards that they deem best meet their requirements.
Prior to developing of the EMS, the organisation should define the scope and
boundaries of its management system. The scope refers to the extent of activities,
facilities and decisions that the organisation addresses through an EMS, which can
include several boundaries. The boundaries are defined as physical or site limits and/or
organisational limits as defined by the organisation that could be a process, a group of
processes, a site, an entire organisation and multiple sites under the control of an
organisation.
The focus of an EMS is on improving management processes, practices, and procedures
that control an organisation’s functions and activities with significant energy use. The
overarching intent is that by implementing a management process and continually
improving this management system, it will eventually lead to an improved energy
performance.
Key factors for successful implementation of an EMS include:
•
•
•

Top management support;
Sufficient resources; and
Management commitment.

To ensure effective operation of the EMS, top management is required to appoint a
management representative and approve the formation of an energy management
team (EMS team). The management representative (MR) is responsible for managing all
aspects of the EMS as it evolves. MR should have sufficient authority, competency and
resources to ensure the overall effectiveness of the EMS. The energy management team
is responsible for ensuring the implementation of actions/measures of the energy
management decisions.
The composition and size of the energy management team should be determined with
due consideration of the size and complexity of the organization.
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Energy policy
The energy policy is a cornerstone for implementing and improving an organization’s
EnMS and energy performance within its scope and boundaries. The policy provides a
statement of the high-level overview of management’s intent that members of the
organization should apply to their work activities. The policy also provides a framework
for an organization to set energy objectives and targets and associated energy
management action plans to further improve its energy performance. Energy
management requires an organization to at least state the following commitments in the
energy policy:
•
•
•
•

Continual improvement in energy performance;
Availability of information and of necessary resources to achieve objectives and
Targets (as stated before including Energy Indicators or Consumption
Indicators); and
Compliance with relevant legislation and other requirements related to energy
use, consumption and efficiency.

In addition to these commitments, the policy will include the support for purchasing
energy efficient products and services, as well as designing for enhanced energy
performance. The policy should be defined and approved by the top management to
show its commitment to meet the organization’s goals. In terms of management, the
policy must be communicated to all staff and be reviewed and updated in a systematic
manner.

Energy Review, Baseline and Performance Indicators
The organization must record and maintain an energy review with certain documented
methodology and criteria. An energy review is a process to determine an organization’s
energy performance based on data and/or actual measurement, leading to identification
of opportunities for improvement. The review provides useful information for the
development of the energy baseline and the selection of Energy Performance Indicators
(or Energy Indicators or Consumption Indicators). It also establishes the monitoring
capability to support effective continuous improvement of the EMS in the future. To
conduct the review, the organization shall establish an equipment list and identify
different energy use and obtain energy consumption details for a specified period,
normally a full year on a monthly basis.
The following essential information should be available for the energy review:
• Name of equipment;
• Unique ID of major equipment (minor equipment such as fluorescence tubes,
desktop PC could be grouped together);
• Equipment location;
• Rated power;
• Type of energy; and
• Measured energy consumption during a particular period (e.g. monthly record).
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When conducting the energy review (also energy audit), the following items should be
noted:
• Major equipment with significant energy consumption should be itemized, i.e.
energy consumption record should be provided for each equipment;
• Installation of sub-meter (additional meters) to monitor and record the energy
consumption (such as electricity, diesel, gas and steam) of each major equipment;
• When measurement of actual consumption is not available, estimation of energy
consumption by power rating and operating hours may be adopted. However,
assumptions and justifications for energy consumption estimation shall be
clearly stated;
• The energy review should be updated when necessary to add new equipment and
cancel out obsolete items; and
• Replacement of estimation by actual data through measurement as far as
possible to enhance the accuracy of the energy profile.

Creating a energy profile of the company
Energy profile is a useful tool to allow management to have a closer look at the detailed
energy consumption status of the organization.
To prepare an energy profile, comprehensive energy consumption data in relation to an
organization’s business operation must be collected. The organization should consider
to record and maintain all the energy consumption data by using the collection sheet.
Table 23. Example of data collection for energy profile of building

Type
of Brand
equipment name
and
model
nr.
El.motor

Equipment Type of Power
location
energy
rating
(kW)

Energy
consumption
(year)

Determination of Energy Consumption
Energy consumption can be collected by reviewing energy bills, installing sub-meters
and estimating from available technical data.
Analysis of energy bills
An organization may consume different types of energy in its daily operation including
electricity, diesel, gasoline, liquefied petroleum gas (LPG), natural gas, coal and steam.
All the relevant energy consumption bills should be properly maintained as they are a
good source of information to determine the overall energy consumption as well as the
consumption of specific equipment for the preparation of an energy profile.
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For example, an electricity bill provides the energy consumption information of
equipment; an oil filling bill tells you the gasoline or diesel consumption of a particular
vehicle; a diesel tank filling record/bill provides the fuel consumption of a diesel
boiler/emergency generator. Not only does consumption refer to overall consumption
and cost analysis but also making active energy and water usage baselines and is used
for setting goals. Simply looking at bills every month saved many companies problems
like water leakage and similar.
The methodology how to analyse bills is shown in the chapter “Energy audits” under
“Energy Management System”.
Energy measurement by sub-meters
It is necessary to obtain energy consumption data of different types of equipment in
order to prepare the energy profile and monitor energy consumption continuously.
To measure energy consumption of different equipment, it is suggested to install
sub-meters for individual equipment, such as, electricity meters, diesel meters, LPG
meters, steam meters, etc. for diesel / coal boilers, fossil fuelled ovens, burners, diesel
generators, production machines and cooking stoves in a canteen kitchen. Reading of
sub-meters should be recorded at least once a month (suggested weekly or daily
analysis). To ensure the accuracy of data, regular maintenance, checking and calibration
of the sub-meters shall be arranged at the frequency recommended by the
manufacturers or at least once a year. Human error in recording meter reading should
also be avoided.
Energy estimation
When actual measurement of data is not available, estimation of monthly energy
consumption by power rating and operating hours may be adopted for the preparation
of energy profile. However, assumptions and justifications for the estimation of energy
consumption shall be stated clearly. Nevertheless, energy estimation should be replaced
by actual measurement as far as possible to enhance the accuracy of the profile.
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Energy objectives, targets and action plans
Documented energy objectives and targets should be established to ensure compliance
with the organization’s energy policy, and to facilitate continual improvement in energy
performance. Objectives should state what the organization wants to achieve; while
targets should specify how the organization would achieve those objectives. The
objectives and targets should be practical, achievable and measurable, and must
conform to the organization’s business objectives and preferably provide some
challenge to the organization. An example is shown in the next table.
Table 24. Example of energy policy of a company

Policy
Objective
Target

We shall improve energy efficiency as a continuous
improvement process
Reduce overall electricity consumption by 10%
Reduce electricity consumption in production area by
15% and warehouse by 5% by December 2016 by
implementing awareness trainings to all staff

Action plans should be developed to address all of the organization’s energy objectives
and targets detailing how and when they are to be achieved, which will subsequently
facilitate monitoring the progress in achieving the energy objectives and targets. The
action plans should include schedules, resources and responsibilities for achieving the
objectives and targets. However, they should be flexible and be able to be revised to
reflect any changes in the objectives and targets.

Implementation and Operation
Competence refers to persons who possess the required skills, knowledge,
qualifications, and capacity to perform their duties that can significantly affect energy
use or the implementation of the EMS. It is normally assessed based on a combination of
education, training, skills and experience of the relevant person. A competent workforce
is essential in successfully implementing the organization’s EMS and achieving improved
energy performance.
The knowledge and skills that are necessary to implement the EMS, ensure control of the
significant energy uses and achieve the energy objectives and targets must be addressed.
Basically, appropriate training should be provided to all relevant personnel. This
training should include general concept of energy management as well as skills training
(usually on-the-job) to allow personnel to carry out their tasks with an awareness of the
impact their activities can have on the energy performance. The level and degree of
training will inevitably vary according to job function. For instance, general energy
awareness training should be provided for all employees; and energy audit training
should be provided for those who are responsible for the establishment of energy
profile.
An concept of training courses is shown in the next table.
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Table 25. Concept of a training course

Type of training
Targets
Energy
management All Employees
awareness
Energy
management
awareness training is done
by energy management
team and given to all
employees.

Energy
management
implementation
training

•
•
•

Middle
Management
Management
Representative
Energy
Management Team

Energy
management
awareness training is a
workshop intended to
raise awareness on
energy
consumption,
targets, and ways to
reduce consumption by
change of behaviour
(10-15% of energy
reduce can be achieved)
Training provided to
energy
management
team
in
internal
auditing , life cycle cost,
establishing
energy
management

EMS
implementation
training is provided by
expert from the area

Operational controls
Implementation of the EMS is dependent on the establishment and maintenance of
operational procedures and controls to ensure that the significant energy uses are being
controlled and that the policy, objectives and targets are being met. The organization
should consider the different operations and activities, which contribute to its
significant energy uses, and establish / confirm and implement the requisite control
procedures. In order to identify operational controls, the organization should
systematically review all of its significant energy uses to identify those which are not
already controlled or where existing controls may be insufficient, and to subsequently
ensure that control procedures are in place for all such areas.
It is suggested that the following are considered in relation to the preparation of
operational control:
• level of detail of the control procedures required;
• target user of the procedures e.g. working level or management supervisory
level;
• distribution to relevant staff and / or contractors, where applicable; and
• developing a matrix to cross check significant energy uses against operational
controls to ensure that relevant procedures are in place for controlling each of
the significant energy uses.
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Design
This requirement is applicable to the design of new, modified and renovated facilities,
equipment, systems and processes that can have a significant impact on an
organization’s energy performance. It requires an organization to consider energy
performance improvement opportunities when preforming these activities.
It is recommended to consider and identify energy performance improvement
opportunities at the beginning of design, renovation work or modification of any
significant energy using facilities, equipment, systems and processes. The whole process
involves identifying design inputs, reviewing and verifying the design. By incorporating
the results of energy performance evaluation into the specification, design and
procurement activities of relevant project(s), management can ensure that a sustainable
design or an aggressive energy retrofit actually leads to targeted energy outcomes.
Examples of Energy Performance Considerations:
The following criteria could be considered in energy performance evaluation process
during the design of new, modified and renovated facilities, equipment, systems and
processes with significant energy impact:
•
•
•
•
•
•
•
•
•
•

Any alternative energy sources?
Any other possible energy saving measures?
Energy saving percentage (i.e. compared with the traditional technology),
investment cost and payback period
Power rating, power factor and harmonic distortion
Energy baseline
Lifetime (i.e. frequency of replacement)
Impact on efficiency, product quality, existing manufacturing process and
production time
Technical feasibility
After-sale maintenance service

Procurements of Energy Services, Products, Equipment and Energy
Energy improvement of an organization could be achieved through procurement
in twofold: firstly using more energy-efficient products and services; and secondly
influencing supply chain to improve its energy behaviour which may indirectly improve
the organizations’ energy performance.
Below are three major items that an organization should consider for the procurement
of energy using products, equipment and services which are expected to have a
significant impact on energy performance:
•

How suppliers are informed that procurement is partly evaluated on a basis of
energy performance?
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•
•

What are the criteria for assessing energy use, consumption and efficiency over
the planned or expected operating lifetime?
How to define energy purchasing specifications for effective energy use?

The elements of energy purchasing specification could include energy quality,
availability, cost structure, environmental impact and renewable sources.
More on green procurement is given in the chapter ''Green procurement'' of the report.

Monitoring and checking
To gauge the effectiveness of the EMS and monitor the actual energy performance, an
organization is required to perform regular checking through energy-related data
measurement and analysis, as well as carrying out internal audits.
With respect to monitoring of the key characteristics, the organization should review all
significant energy uses to determine which aspects should be monitored in order to
check that the controls are being effective. The results help management define
appropriate energy performance improvement actions. A monitoring schedule could be
drafted in order to facilitate the monitoring activities.
According to the standard, key characteristics required monitoring shall include at a
minimum:
• Significant energy uses and other outputs of the energy review;
• The relevant variables related to significant energy uses;
• Energy Performance Indicators;
• The effectiveness of the action plans in achieving objectives and targets; and
• Evaluation of actual versus expected energy consumption.
Appropriate procedures should be in place to ensure the reliability of the data through
the testing of equipment, calibration and sampling. Evaluation of actual versus expected
energy consumption as well as review its measurement needs shall be carried out. The
organization shall also investigate and respond to significant deviations in energy
performance. These can be easily addressed through periodic meetings of the Energy
Management Team or other working groups.
Management review
The management review will assist the organization to achieve continual improvement
and to assess the suitability, adequacy and effectiveness of the EMS. It should be noticed
that although management review needs to cover the scope of the whole EMS, not all the
elements in system are required to be reviewed at once. The review process can take
place over a period of time.
When conducting management review, the organization should also take into account
the concept of continual improvement, which is achieved by evaluating the energy
performance against the policies, objectives and targets. The management review should
also address external issues relevant to the energy performance of the organization and
identify opportunities for improvement and where appropriate changes of emphasis or
direction.
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The Scope of Management Review
The Scope of Management Review should cover:
•
•
•
•

•
•
•
•
•

Review of energy policy, objectives, targets and evaluation of overall progress in
achievement;
Findings of previous management review and EMS audit;
Evaluation of the effectiveness of EMS, energy performance indictors and energy
performance;
Review of changes in: legislation, expectations and requirements of interested
parties, products / activities of the organization, advances in technology, market
preference, etc.;
Evaluation of follow-up actions in relation to nonconformities;
Projection of energy performance in the next period;
Revision on policies, objectives, targets, resources or other elements of EMS, if
necessary;
Review of resources allocation; and
Identification of room for improvement.

Measurement and verification
EMS as already said is a systematic approach to energy issues to find measures and
procedures for decreasing energy consumption.
It means that the high-quality, regular analysis of the consumed energy and water is
fundamental for the implementation of the EMS. Such an analysis consists of the
following:
•
•
•
•

Selecting the building and meter to be monitored,
Collecting data concerning consumption,
Analysing the collected data, and defining targets and expected savings, and
Interpreting the analysed data.

By continuous consumption analysis, after a long period of time, the behaviour of the
observed energy systems becomes familiar enough to be able to identify even very small
disturbances in energy consumption. That ensures and optimal ratio between the
consumed energy and water and the desired level of comfort. That is why continuous
EMS should be performed.
What is an energy system?
An arranged unit of elements that serve for energy transfer and transformation.
The following Chapters explain which data must be collected and in which manner, how
to analyse them and how to calculate individual energy consumption indicators
(hereinafter referred to as “CI”, in this report also called energy performance indicators,
consumption indicators) and how to interpret analysis results, that is, how to draw
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conclusions concerning the energy consumption status in individual buildings and
potential energy efficiency improvement measures. It is important to stress that, during
the energy consumption analysis, each building is considered individually, since the
load structure, manner of using the building and other values influencing energy
consumption vary considerably from case to case.
What is ECC?
The Energy Consumption Centre (mentioned before, and hereafter referred to as “ECC”)
is a functional unit, for which energy and water consumption can be measured, as well
as the parameters influencing the said consumption.
For example, in the case of the analysed SMEs in this report, the ECC could be the
whole complex because all buildings are mostly connected to only one meter. But,
if the SMEs would install separate meters per building each building would be an
ECC.
The necessary steps to implementing the energy management system can be found
below in more detail below:
• Organizational structure
• Appointing a person in charge of energy management in small and simpler ECCs,
or establishing an organisational structure and an energy team in charge of
energy management in large and more complex ECCs
• Determining the ECC
• Determination of spatial boundaries of the monitored ECC
• Determining construction elements separating the ECC from other areas
• Finding and detecting all measuring devices (meters) in the ECC
• Checking how the meters read the consumption of only those loads that are
physically located within the selected ECC boundaries
• Installing additional measuring devices, if necessary
• Expanding the boundaries of the monitored ECC, if necessary
• Collecting static input data
• Collecting basic geometric data on the ECC by taking insight into the project
documentation and by taking measurements on the site.
• Selecting and collecting basic climate properties at the site
• Detecting basic purpose of the ECC
• Collecting data on the usual levels of occupancy and the usual working habits
• Collecting data on all energy sources used in the ECC
• Defining energy systems in the ECC and collecting basic operational properties
• Collecting dynamic input data and monitoring energy consumption
(continuous process)
• Reading all measuring devices (meters)
• The meter-reading period (time span between two consecutive readings)
depends on the size, i.e. the consumption of the ECC and desired complexity, or
depth of the analysis. It is recommended that the period between readings is as
short as possible in the first phase, and then to extend that period pursuant to the
results of the performed analysis until the optimum time period between two
consecutive readings is reached
• Periodic readings of the outdoor temperature
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

The mean value of the outdoor temperature refers to the same period as the
meter reading period
Periodic indoor temperature readings
Mean value of the indoor temperature refers to the same period as the meter
readings
Changes in the level of ECC occupancy
The monitoring period is the same as the meter reading period
Changes in the work habits
The monitoring period is the same as the meter reading period
Analysing energy consumption (continuous process)
Relating the individual energy source consumption per measurable parameter
(occupancy, outdoor temperature, etc.), i.e. defining consumption indicators
Selecting relevant consumption indicators for the monitored ECC
Determining the target consumption
Recollecting dynamic input data
Detecting the cause of increased consumption (interpreting data)
Checking the obtained consumption indicators and searching for possible causes
Comparing consumption indicators and target consumption and detecting the
cause of increased consumption in energy system operation
Defining the consumption reduction plan
Implementing the reduced consumption plan and approaching the target
consumption
Recollection of static and/or dynamic input data

Functional units
In order to establish the EMS, the subject of the analysis should be defined first. By
setting clear boundaries to the monitored system and by defining all the important
values entering and exiting the system, an insight is obtained into all energy flows. It is,
therefore, necessary to properly determine the boundaries of the system to be
monitored. The boundaries cannot be determined arbitrarily, and primarily depend on
three facts:
• The monitored building must be a functional unit.
• It must be possible to measure relevant energy and water consumption.
• It must be possible to measure parameters affecting energy and water
consumption.
The input data
The key precondition for a successful analysis and interpretation of consumption trends
is accurate, high-quality data collected in a clearly defined manner. Collecting data
necessary for the analysis must be organised in such a manner that the manner of
collection, time and purpose of each of them is defined. That provides for consistent
collecting of data and simple checking thereof, as well as easier comparing of the
conducted analyses.
Consumption data may be collected on monthly bases via regular invoices delivered by
the supplier, i.e. by continuous monitoring and recording the consumption by individual
read-outs from the existing or additionally installed meters, if necessary. Installation of
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additional meters is recommended in cases when an ECC depends on other entities for
energy supply, i.e. it is energetically connected to other entities. In that case, the
installation of additional meters makes it possible to collect accurate data on
consumption of energy sources and water for the monitored ECC.
The input data necessary for high-quality analysis are collected separately for each ECC.
It is desirable that the obtained analysis results (output data) are uniform. That enables
mutual comparison of individual ECCs (pursuant to the indicators that are the same for
the said ECC), that is, individual periods for the same ECC (in the defined “from-to”
periods).
According to temporal variability, necessary input data may be divided into:
•
Static (invariable) and
•
Dynamic (variable).
As a rule, static input data are invariable variables describing the properties of the ECC
itself and defining the manner of using the same. They vary extremely rarely, for
example, in case of implementing significant modifications and reconstruction of the
ECC (e.g. changing the surface area or volume of the ECC), and in case of changing the
manner of using the ECC (e.g. change of ECC purpose or number of working days in a
year).
Dynamic data are variable input data used in the analysis, and the reading (collection)
interval of such data depends on each type of data individually (hourly, daily, weekly,
monthly, etc.), as well as on the size of the ECC itself. In order to collect the most
significant dynamic input data, meters (measuring devices) must be read. That is why
meters must be located in accessible locations, and the person reading the data must be
trained. In case additional meters must be installed, the user is advised to make
investments in meters in the amount of up to 20% of annual costs for energy and
water.
The reason for such a recommendation is that global experiences show that a
comprehensive implementation of the EMS, which includes regular monitoring of energy
and water consumption, implementation of energy and water consumption analysis,
brings 10% to 20% savings in the total annual costs for energy and water. That ensures
an Investment return period of 1 to 2 years, that is, it provides economic costeffectiveness.
Below is a list of typical static and dynamic data used in the analysis and interpretation
of consumption data.
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Static input data
Basic and invariable properties of the ECC are defined as static input data. Using the
mentioned data in the analysis provides a clear and articulate insight into the types and
conditions of the power systems that are located in the analysed building. The static data
is used for defining the consumption indicators used for comparing the ECC with the
basic or set target consumption, and the indicators obtained for other similar ECCs (
for example, a new wood industry in the region could be compared to LLC
“Fortuna” and similar).
When collecting the static input data used for consumption analysis, it must be clear that
the data are collected separately for each of the ECCs and some of the required data are
inherent to the individual ECC. The quality of the entire analysis depends on the
accuracy and quality of the collected data.
A list of the static input data that must be collected for each analysed ECC is given below,
along with the accompanying short description:
• Purpose of the ECC
Defines the manner and purpose of using the ECC (school, community health
centre, business premises, hospital, etc.). ECCs of the same purpose can be easily
compared since, due to the same dynamics and almost identical manner of use,
no additional corrections to the read consumption are necessary.
• Total usable area of ECC [m2]
Defines the total net floor area of the heated part of the ECC. For the purpose of
unifying the calculation and presentation, the surface area is taken as the
reference for the calculation of all consumption indicators per surface area unit.
• Volume of the heated part of ECC [m3]
Defined volume of the ECC where the surface is the area of the construction parts
that separate the heated part of the ECC and the outdoor, soil or non-heated parts
of the ECC (insulation of the heated part of ECC). For the purpose of unifying the
calculation and the presentation, the volume is taken as the reference for the
calculation of all consumption indicators per volume unit.
• Cooled surface area of ECC [m2]
Defines the total net floor area of the cooled part of ECC.
• Volume of the cooled part of ECC [m3]
Defines the total cooled volume of the ECC where the surface is the area of the
construction parts that separate the cooled part of the ECC and the outdoor
space, soil or non-cooled parts of the ECC (insulation of the cooled part of the
ECC).
• Number of employees
Defines the number of persons in ECC influencing the basic (continuous) energy
and water consumption. Here, first of all, employees and tenants must be
included, i.e. persons using the ECC on a regular basis, every day, and for a longer
period of time, performing primary job-related activities.
• Number of users
Defines the number of persons in the ECC influencing variable consumption. This
primarily implies the persons using the ECC regularly for a relatively short period
of time, and who influence consumption. Examples of such users are patients
staying at hospitals and pupils/students at schools.
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•
•
•
•

Number of working days in a week:
Number of working days in a year:
Number of working hours in a day:
Used energy sources
Defines the energy sources (e.g. natural gas, heating oil, coal, electricity, etc.) at
the point of entrance into the ECC, noting that water is also considered to be an
energy source for the purpose of energy efficiency. An energy source is the
primary energy source in the building that is converted by various means within
the ECC into useful forms of energy, such as light, warmth, etc.
•
Heating/cooling regulation of the ECC (individually /centrally / none /
entire system)
It describes the existing heating/cooling system in the ECC and the manner of its
regulation and management. In case there is no separate heating/cooling system,
but the ECC is connected to the heating/cooling system it shares with other
buildings (it is energy-dependent), its exact share in the consumed energy must
be determined or separate measuring devices must be installed.
•
Basic information on the heating/cooling system must be collected, as well
as on the manner of management and regulation. Some of the necessary basic
information are:
Installed output and type of load (heating/cooling bodies);
Installed output and type of the heating source (boiler/cooler);
Mode of operation;
Thermal carrier temperature regulators;
Circulation pump operation regulator;
Local temperature regulators on heating/cooling elements;
System operation period on daily, weekly and monthly bases.
•
Cooling and ventilation/air-conditioning regulation in the ECC (natural /
forced / both / shared system)
Defines whether a separate air ventilation/conditioning system exists in the ECC.
In case the space in the ECC is ventilated/conditioned, and there is no separate
air ventilation/conditioning system, but the ECC is connected to the air
ventilation/conditioning system it shares with other buildings, its exact share in
the consumed energy must be determined or separate measuring devices must
be installed. Moreover, basic information on the ventilation system must be
collected, as well as on the manner of management and regulation. Some of the
necessary basic information are:
o Total installed electric power of the air ventilation/conditioning system
[kW];
o Recuperation;
o Mode of operation;
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•

•

•

o Central air temperature regulation;
o Central air humidity regulation;
o Local temperature and humidity regulators;
o System operation period on daily, weekly and monthly bases.
Hot water preparation regulation (individually /centrally / none / entire system)
Defines whether a separate hot water preparation system exists in the ECC. In
case a consumable hot water supply exists in the ECC, and there is no separate
consumable hot water supply, the ECC is connected to the consumable hot water
supply it shares with other entities (it is energy dependent). Moreover, basic
information on the hot water preparation system must be collected, as well as on
the manner of management and regulation. Some of the necessary basic
information are:
o Total installed thermal power of the CHW system [kW];
o Total installed electric power of the CHW system [kW];
o Volume of the CHW tank;
o Insulation of the CHW tank;
o Temperature of the CHW in the tank(s);
o System operation period on daily, weekly and monthly bases;
o Hot water consumption on daily, weekly and monthly bases.
Electric Lighting System
Defines basic data and the manner of regulating the electric lighting system.
Some of the necessary basic information are:
o Total installed electric power per individual type of lighting fixture
[kW], where the following typical types may be defined:
o Incandescent light bulbs
o Compact fluorescent light bulbs
o Fluorescent lighting with electromagnetic ballast
o Fluorescent lighting with electronic ballast
o High-pressure mercury lamps
o High-pressure sodium lamps
o Halogen lamp
o Metal halogen lamp
o LED lighting
o Other
o Total number of lights per individual type of lighting fixture;
o Regulation of lighting system.
Other technical systems
Defines which consumption technical systems are present in the ECC (e.g. specific
medical devices, office equipment, industrial machinery, etc.).

Dynamic input data
Dynamic data used for analysis refer to variable input values. Such data, first of all,
include the consumed amount of energy and water, and the outdoor and indoor
temperature, as well as the other identified independent factors. In case conditions of
the operation and use of the ECC are defined in such a manner, the previously defined
static input data can also appear as dynamic input data (e.g. as the number of users).
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A list of the dynamic input data that must be collected for each ECC for a fully analysis is
given below, along with a short description:
•

Energy and water consumption
It refers to the reading of the meters installed by the supplier or the meters
installed additionally by the users. Meters may be read every hour, twice a day,
once a day and/or once a month, depending on the ECC's consumption and the
desired complexity (depth) of the analysis. If there is a remote reading system,
the reading period may be shorter, e.g. in 15-minute intervals or even in oneminute intervals. In case the energy consumption is monitored on a daily basis, it
is recommended to read the consumption at the beginning and at the end of
individual functional periods (e.g. at the beginning and the end of working hours,
at the beginning and at the end of the first and second shift, and at the end of the
second shift, etc.) in order to obtain energy (and energy sources) and water
consumption per day, depending on the periods of different work intensity.
The read-outs must always be performed in the same manner and at the same
time, in order to obtain high-quality and consistent collection of data and thus
increase the quality of subsequent analysis (e.g. daily readouts at the same hour).
Special attention must be paid to the meters. Meters usually have a certain
constant. In that case, the numbers read from the meters must be multiplied by
the said constant, which can be read from the invoices delivered by the supplier.
See above in the chapter “Case study – Tariff models of electricity
consumption” about the problems mentioned regarding the meter constant
in reviewed SMEs.

•
•

Average outdoor temperature, i.e. temperature of the environment
Average indoor temperature, i.e. working space temperature (temperature
during work hours and after, during weekends and holidays)
Change in the number of employees
Defines the number of persons in the ECC influencing the basic consumption. In
case that number is variable, it shall become dynamic input data.
Change in the number of users
Defines the number of persons in the ECC influencing the variable consumption.
In case that number is variable, it becomes dynamic input data.
Change in the number of working days in a week
Defines the number of days in a week when the ECC is used for performing
primary work activities. In case that number is variable, it becomes dynamic
input data.
Change in the number of working days in a year
Defines the number of days in a year when the ECC is used for performing
primary work activities. In case that number is variable, it becomes dynamic
input data.
Change in the number of working hours in a day
Defines the number of working hours in a day. In case that number is variable, it
becomes dynamic input data.
Change of specific input data (for example number of products or kilograms of
wood)
Due to a large number of options in the use of individual ECCs, as well as a large
number of types of energy systems, but especially in industry, the consumption

•

•

•

•

•

•
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could be influenced by a parameter that has not been mentioned above. That is
why we wish to stress the possibility of influence by an unpredicted variable.
This possible dynamic input data is left for selection to the user.
Examples of data collected for a specific ECC are given in the following tables.
Table 26. Example of collected static input data (Part I)
General information on the building
Name:

Elementary school

Location (address; town/place/settlement/municipality; county):

Dushanbe

Purpose:

Elementary school

Share in the total surface area of the building [%]:

100

Protected building (yes/no):

NO

Building was finished in:

1961

Building was last renovated in:

1982 and 2009

What was renovated:

Roof renovation; boiler room chimney
reconstruction

Surface of the gross floor area of the building [m2]:

2,350

Surface of the total usable area of the building, Ak [m2]:

1,853

Surface area of the heated building part, A [m2]:

4,266

Volume of the heated building part, Ve [m3]:

6,106

Surface of the cooled building part, Akh

[m2]:

240

Surface area of the cooled building part, Ah [m2]:

490

Volume of the heated building part, Veh[m3]:

720

Number of floors:

2

Selection of the reference climatological station:

Dushanbe

Manner of using the building
Number of employees:

43

Number of users:

373

Number of working days in a week:

7

Number of working days in a year:

365

Number of working hours in a day:

15

Heating system of the building
Energy source:

Oil

Manner of heating (individual/central):

Central

Type of boiler/heating substation:

2x Hot water boiler Schafer Interdomo
Domobloc DCN 340

Boiler/heating substation was manufactured in:

1995

Total heating effect of the boiler/heating substation [kW]:

2x 340 kW = 680

Total installed thermal power of the CHW system [kW];

356

Are additional electric heaters used with the primary heating system
(option YES or NO):

NO

Power of installed electric heaters [kW]:

-
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Table 27. Example of collected static input data (Part II)
Are additional split systems for heating used with the
primary heating system (option YES or NO):

NO

General notes on the heating system of the building:

Heating system 90/70°C, open expansion vessel, 2
heating circles, common mixing valve operated by
outdoor temperature

Cooling system of the building
Energy source:

Electricity

Manner of cooling (individual/central):

Individual

Total cooling effect of the cooling station [kW]:
COP:
Cooling device was manufactured in:
Working substance in the cooling device:
Total installed cooling power of the cooling devices [kW];

9.5

Total installed electric power of the split systems [kW];

5.76

General notes on the cooling system of the building:

5 split devices for cooling are installed in the school.
Installation of two more split devices is in
preparation.

Ventilation system of the building
Manner of ventilation (natural/forced/both):

Natural

Total installed electric power of the ventilation system
[kW];
Recuperation (option YES or NO):

NO

General notes on the ventilation system of the building:

Ventilation of the building is performed by opening
windows and woodwork that are in a very poor
condition

Hot sanitary water preparation system for the building (CHW)
Energy source:

Electric power

Manner (individual/central/combination):

Individual

Total installed thermal power of the CHW system [kW]:

7.00

Total installed electric power of the CHW system [kW]:

7.00

General notes on the CHW preparation system

Consumable warm water is heated by 3 electric
heaters located next to the outflow point.

Electric lighting system of the building
Internal electric lighting system
Total installed power of incandescent light bulbs [kW]:

0.40

Total number of lights with incandescent light bulbs:

4

Total installed power of compact fluorescent light bulbs [kW]:

0.06

Total number of lights with compact fluorescent light bulbs:

3
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Table 28. Example of collected static input data (Part III)
Total installed power of fluorescent lighting with electromagnetic ballast [kW]:

21.88

Total number of lights with fluorescent lighting with electromagnetic ballast:

269

Total installed power of fluorescent lighting with electronic ballast [kW]:
Total number of lights with fluorescent lighting with electronic ballast:
Total installed power of high-pressure mercury lamps [kW]:
Total number of lights with high-pressure mercury lamps:
Total installed power of halogen lamps [kW]:

1.00

Total number of lights with halogen lamps:

2

Total installed power of metal halogen lamps [kW]:

0.14

Total number of lights with metal halogen lamps:

2

Total installed power of other types of lighting [kW]:
Total number of other lights:
General notes on the internal lighting system

Most fluorescent lighting is new
- grid lighting

External electric lighting system
Total installed power of high-pressure mercury lamps [kW]:
Total number of lights with high-pressure mercury lamps:
Total installed power of high-pressure sodium lamps [kW]:
Total number of lights with high-pressure sodium lamps:
Total installed power of halogen lamps [kW]:
Total number of lights with halogen lamps:
Total installed power of metal halogen lamps [kW]:

7.32

Total number of lights with metal halogen lamps:

35

Total installed power of other types of lighting [kW]:
Total number of other lights:
General notes on the external lighting system

In good condition

Other electric power loads
Total installed power of office equipment [kW]:

15.47

Total installed power of kitchen equipment [kW]:

29.93

Total installed power of other loads [kW]:

5.00
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Table 29. Example of collected dynamic input data (Part I)
Electricity [kWh]

Month

High tariff (constant 1)
Date

Low tariff (constant 1)
Nightly
consump
-tion [5
pm - 9
am]

Total
consump
-tion [14
hours]

TOTAL

9 am

5 pm

Daily
consump
-tion [9
am - 5
pm]

4 Jan 2010

95524.0

95571.8

47.8

10.3

58.1

42162.1

8.3

66.4

5 Jan 2010

95582.1

95608.9

26.8

7.4

34.2

42170.4

8.7

42.9

6 Jan 2010

95616.3

95639.4

23.1

17.1

40.2

42179.1

8.4

48.6

7 Jan 2010

95656.5

95685.1

28.6

8.9

37.5

42187.5

7.6

45.1

8 Jan 2010

95694.0

95719.4

25.4

13.2

38.6

42195.1

7.3

45.9

95759.1

95780.2

21.1

12.4

33.5

42217.0

10.8

44.3

95792.6

95818.6

26.0

10.8

36.8

42227.8

9.7

46.5

95829.4

95858.1

28.7

11.4

40.1

42237.5

8.5

48.6

95869.5

95900.6

31.1

12.0

43.1

42246.0

8.2

51.3

95912.6

95936.6

24.0

10.9

34.9

42254.2

7.7

42.6

9 am

total
night
consump
tion

[HT+LT]

1 Jan 2010
2 Jan 2010

JANUARY

3 Jan 2010

9 Jan 2010
10 Jan
2010
11 Jan
2010
12 Jan
2010
13 Jan
2010
14 Jan
2010
15 Jan
2010
16 Jan
2010
17 Jan
2010
18 Jan
2010
19 Jan
2010
20 Jan
2010
21 Jan
2010
22 Jan
2010
23 Jan
2010
24 Jan
2010
25 Jan
2010
26 Jan
2010
27 Jan
2010
28 Jan
2010
29 Jan
2010
30 Jan
2010
31 Jan
2010
Total

0.0
0.0
95969.3

96000.2

30.9

11.2

42.1

42277.4

9.9

52.0

96011.4

96038.2

26.8

11.5

38.3

42287.3

8.8

47.1

96049.7

96073.1

23.4

8.7

32.1

42296.1

8.0

40.1

96081.8

96110.5

28.7

16.1

44.8

42304.1

8.1

52.9

96126.6

96148.8

22.2

19.6

41.8

42312.2

7.5

49.3
0.0
0.0

96207.6

96227.6

20.0

19.6

39.6

42334.7

7.7

47.3

96247.2

96276.4

29.2

13.3

42.5

42342.4

7.9

50.4

96289.7

96316.4

26.7

9.1

35.8

42350.3

6.9

42.7

96325.5

96352.0

26.5

11.6

38.1

42357.2

7.7

45.8

96363.6

96379.9

16.3

14.8

31.1

42364.9

7.5

38.6
0.0
0.0

533.3

249.9

783.2

165.2

948.5
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Table 30. Example of collected dynamic input data (Part II)
Temperature
Outdoor temperature
[Tv °C]

Indoor temperature [Tu
°C]

Ave.outdoor
T [avg.Tv]

Ave.indoor
T [avg.Tu]

9 am

1 pm

5 pm

9 am

1 pm

5 pm

4 Jan 2010

-6.0

0.0

0.0

19

22

5 Jan 2010

-1.0

0.0

0.0

20.5

22

22

-2.00

21.00

22

-0.33

21.50

6 Jan 2010

-2.0

0.0

0.0

20.5

22

22

-0.67

21.50

7 Jan 2010

0.0

1.0

1.0

22.5

23

22

0.67

22.50

8 Jan 2010

0.0

1.0

1.0

20.5

22.5

22.5

0.67

21.83

11 Jan 2010

1.0

12 Jan 2010

1.0

1.0

0.0

19

21

21.5

0.67

20.50

2.0

2.0

20.5

21.5

22.5

1.67

21.50

13 Jan 2010

0.0

1.0

1.0

20

22.5

22.5

0.67

21.67

14 Jan 2010

1.0

1.0

1.0

20

22.5

23

1.00

21.83

15 Jan 2010

1.0

2.0

2.0

21.5

22.5

23

1.67

22.33

18 Jan 2010

0.0

0.0

0.0

18

20.5

20.5

0.00

19.67

19 Jan 2010

0.0

4.0

5.0

21.5

22.5

22

3.00

22.00

20 Jan 2010

-1.0

4.0

5.0

21

22.5

22.5

2.67

22.00

21 Jan 2010

0.0

-1.0

0.0

21

22.5

22.5

-0.33

22.00

22 Jan 2010

-2.0

-2.0

-2.0

20.5

23.5

22.5

-2.00

22.17

25 Jan 2010

-3.0

-1.0

-3.0

19.5

21.5

22.5

-2.33

21.17

26 Jan 2010

-7.0

-4.0

-4.0

19.5

23

23.5

-5.00

22.00

27 Jan 2010

-4.0

-3.0

-3.0

20

22.5

22.5

-3.33

21.67

28 Jan 2010

-7.0

-6.0

-5.0

19

23

23

-6.00

21.67

29 Jan 2010

-8.0

0.0

0.0

19.5

22.5

23

-2.67

21.67

-0.6

21.6

Month

Date

1 Jan 2010
2 Jan 2010
3 Jan 2010

9 Jan 2010
10 Jan 2010

16 Jan 2010
17 Jan 2010

23 Jan 2010

JANUARY

24 Jan 2010

30 Jan 2010
31 Jan 2010
Total
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Defining base and target lines
Analysis of water consumption depending on the outdoor temperature (energy
analysis method through E-T curve) enables continuous monitoring of only
energy consumption depending on the outside temperature. An advantage of
the analysis through the E-T curve is the possibility of monitoring through a
longer period of time, regardless of the season and types of energy sources the
observed ECC receives and uses. As a result of the analysis, an E-T curve is
obtained, i.e. dependence of consumption on the outside temperature made of
several lines.
Below, two approaches to the curve are given. One is an ordinary E-T curve with
energy consumption that relates to outside temperature. The other is an E-A
curve where energy (including water) relates to a specific type of activity
which is often used in industry. This activity as previously mentioned can
be anything that relates to energy and water consumption as number of
products, liters of milk cooked or similar.
The graph can present the energy sources or the energy equivalents for
energy sources individually, but also the sum of all energy equivalents for
energy sources (total energy or primary energy). It is important to note that
unified energy units must be used for all energy sources (e.g. kWh, MWh, etc.) in
case of presenting the sum of all energy equivalents for energy sources, i.e. the
total energy.
While analysing the energy consumption depending on the outdoor temperature,
a series of steps must be taken. This process is generally composed of the
following steps:
• Defining the basic consumption,
• Defining the target consumption.
Description of individual steps is given below.
Defining the basic E-T curve
A functional period, i.e. the whole period for a comprehensive presentation of ET curve, is one year. Individual units can be presented as one day, one week
etc. Those are units where the said consumption and the mean daily temperature
were obtained, and they are presented on the graph as one point.
That first period when the E-T curve starts for the given ECC is a part of the
pilot - phase of implementing the EMS, and it can be called the recording
period, i.e. the period of determining the basic E-T curve. The procedure of
making the E-T curve is very simple. In the same time interval, consumption is
read and than the mean value of the outside temperature is taken. The graph is
defined by two axes, namely;
• x-axis (abscissa) represents the mean outdoor temperature (or for the EA curve activity),
• y-axis (ordinate) represents energy consumption (or for the E_A curve a
specific resource).
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When developing the mathematical model, it is important to pay special
attention to grouping the points, since it is the only way to establish high-quality
dependence of energy consumption on the outside temperature. That is why it is
recommended to ask energy experts or consultancy companies in the energy
sector for advice when grouping the points.
By using specialised programme packages (such as MS Excel), the basic E-T
curve (defined by the lines) is determined by applying the regression analysis.
The regression analysis includes various techniques for modelling and analysing
the interdependence between a dependent variable and one independent
variable. Annex 3 describes the regression analysis with focus on linear
regression used for making E-T curves.
For each energy source, there are specific measurable parameters that directly
or indirectly influence the consumption thereof. It is often the case that several
measurable parameters exist for each of the energy sources, influencing its
consumption. Measurable parameters influencing the consumption of one energy
source can also influence the consumption of the other energy source. In case of
E-T curve for the consumption of an energy source or an energy equivalent for
an energy source, the only measurable parameter is outdoor temperature. Other
measurable parameters are not included in this analysis, and therefore the
analysis per individual energy source or their energy equivalents represents the
first step of the analysis via the E-T curve and enables a detailed insight into
annual consumption and continuous monitoring of the same.
Defining the target E-T curve
From experience and data from relevant literature, three manners of selecting
the target E-T curve can be defined.
•

•

•

Target consumption reduction in the amount of 10 to 20%, which are
relevant world data on achieved savings by implementing the systematic
energy management.
Selecting the line through the points where the least energy
consumption (resources consumption) was achieved depending on
the outside temperature while the ECC was used for performing its usual
activities, with keeping the legally prescribed comfort level.
By measuring the energy consumption of individual systems during
normal operation depending on external conditions, where the target
consumption is modelled specifically for each ECC.
This manner of defining the target E-T curve is the most complicated one,
but it provides the most accurate data. It is important to note that this
method is only recommended for experts.

Below are a few examples of E-T and E-A curves.
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Figure 187. Example of E-T curve with baseline and target line

At the figure above the real consumption of energy is shown with a black line
while the target line is a reduction where the line is set according to the best
achieved energy efficiency (lowest dot of the on the right). The green dot is the
last consumption recorded. The goal is that each month after a whole E-T curve
is recorded (a few months or a year) the next consumption point “falls” at or
beneath the red line.
This can be observed at the next figure where an E-A curve is presented. The
activity measured is finished milk products in thousand of liters while the energy
recorded is only electrical energy the milk production relates to.
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energy for cooking [kWh]
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Figure 188. Example of E-A curve with baseline and target line
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A more complicated E-T curve is shown on the next figure where the curve has a
slightly different tendency, with three different curves (parts) for each part of
the year. The energy consumption shown is the total energy consumption per
week. The first period shown on the figure as blue dots is the winter period
where the energy relates to the temperature and the colder weeks have a more
significant consumption. The second one shown on the figure with red-green
dots is the summer period were energy relates to the cooling system and warmer
weeks have a slightly increased consumption of energy. The last middle period is
the transition period, the period where the heating system stops to work and the
cooling system has not yet start to work.
20,000

Weekly energy consumption [kWh]

18,000
16,000
14,000
y = -745.98x + 11893
R² = 0.91784

12,000
10,000
8,000
6,000

y = 328.29x - 5962.5
R² = 0.73802
y = -30.134x + 1070.1
R² = 0.11069

4,000
2,000
0
-5.00

.00

5.00

10.00

15.00

20.00

25.00

30.00

Average outside temperature [°C]
Figure 189. Example of E-T curve with 3 periods

Sometimes an ECC has not three but only two or one period. It depends on each
individual ECC or building or company.
What is important is that the data has to be gathered continuosly and the curve
has to be updated. This method is an efifcient method formonitoring and even
verification of savings after the implementation of EE measures.
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Green Procurement
Green procurement & Life Cycle Cost
The benefits associated with ''Green procurement'' are not limited to
environmental impact, but can include everything from social and health to
economic and political benefits. Some examples of the benefits generated by
European authorities through green procurement:
•
•

•

•

•

The City of Vienna saved €44.4 million and over 100,000 tonnes of
CO2 between 2004 and 2007 through its EcoBuy programme.
Three million tonnes of CO2 would be saved in the Netherlands alone if
all Dutch public authorities applied the national Sustainable Public
Procurement criteria, which include green criteria. Public sector
energy consumption would be reduced by 10%.
If all IT purchases in Europe followed the example of Copenhagen City
Council and the Swedish Administrative Development Agency, energy
consumption would be cut by around 30 terawatt hours – roughly the
equivalent of four nuclear reactors.
£40.7 million (€47.2 million) could be saved in the UK if the proposed
Government Buying Standards (GPP criteria) are applied by all central
government departments and executive agencies, according to a costbenefit analysis which monetised the potential impacts (link: 4).
CO2 emissions would be cut by 15 million tonnes per year if the whole
EU adopted the same environmental criteria for lighting and office
equipment as the City of Turku, Finland - reducing electricity
consumption by 50%.

Procurement can be instrumental in addressing environmental problems
such as:
•
•
•
•

•
•
•

Deforestation, (e.g. through the purchase of wood and wood products
from legally harvested and sustainably managed forests)
Greenhouse gas emissions (e.g. through the purchase of products and
services with a lower CO2 footprint throughout their life-cycle)
Water use (e.g. through choosing more water-efficient fittings)
Energy efficiency and resource use (by choosing products which are
more efficient and implementing environmentally conscious design
principles, e.g. cradle-to-cradle)
Air, water and soil pollution (by controlling chemicals and limiting the
use of hazardous substances)
Waste (by specifying processes or packaging which generate less
waste or encouraging reuse and recycling of materials)
Sustainable agriculture (e.g. by purchasing organically produced food)
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The facts of implementing Green Procurment:
•

Green procurement sets an example to private consumers
Green purchasing means setting an example for the general public and the
private sector, and influencing the marketplace. Establishing a green
procurement policy, and communicating initiatives and their results,
demonstrates that action in this area is possible and that it leads to
positive outcomes. It can also encourage private sector organisations to
use green criteria for their own procurement.

•

Green procurement raises awareness of environmental issues
Green Procurement can also act as a useful channel for raising
environmental awareness by identifying the environmental impacts of a
particular product/service throughout its life-cycle and providing
information on the benefits of greener alternatives. For example, serving
organic and sustainable food in a public canteen is likely to increase
awareness amongst users and providers of the service.

•

Social / health benefits - Green Procurement improves quality of life
Policies on Green Procurement can improve services to the public and
thus enhance quality of life. Cleaner public transport, for example,
improves air quality. Reduced use of toxic chemicals in cleaning products
provides a healthier working environment.

•

Green Procurement helps establish high
performance standards for products and services

environmental

Green Procurement can help drive higher quality standards for products
and services, delivering better performance for public authorities and
ultimately citizens. New products and services which have been
developed to meet the requirements of Green Procurement may also
become popular with private consumers, improving overall standards.
•

Economic benefits - Green procurement saves money and resources
when life-cycle costs are considered
Green Procurement often leads to savings over the whole life-cycle of a
purchase- both for public authorities and for society in general.
Purchasing more energy-efficient IT equipment can save money in many
different ways: for example lower electricity use and easier recycling or
reuse at the end of its life. Similarly a more energy and water-efficient
building may cost more up-front, but will save money in the long run.
For further information please see the section below on Life-cycle cost
analysis (LCCA).

190

•

Green procurement provides incentives to industry to innovate
Promoting green procurement gives important incentives for industry to
develop 'green' technologies and products and promote them in the
market place. In particular, small- and medium-sized companies may
profit from environmental procurement, as it offers an opportunity to find
markets for their innovative solutions and products.

•

Green procurement
technologies

can

reduce

prices

for

environmental

Introducing 'green' tendering criteria can influence the marketplace and
result in new entrants in the field of environmental technologies and
products - potentially resulting in increased competition and reduced
prices.

Procurement in private sector
Life-cycle cost analysis (hereafter referred to as “LCCA”) is a tool to determine
the most cost-effective option among different competing alternatives to
purchase, own, operate, maintain and, finally, dispose of an object or process,
when each is equally appropriate to be implemented on technical grounds. For
example, for a highway pavement, in addition to the initial construction cost,
LCCA takes into account all the user costs, (e.g., reduced capacity at work zones),
and agency costs related to future activities, including future periodic
maintenance and rehabilitation. All the costs are usually discounted and total to
a present day value known as net present value (NPV). This example can be
generalized on any type of material, product, or system.
In order to perform a LCCA scoping is critical - what aspects are to be included
and what not?
If the scope becomes too large the tool may become impractical to use and of
limited ability to help in decision-making and consideration of alternatives; if the
scope is too small then the results may be skewed by the choice of factors
considered such that the output becomes unreliable or partisan.
The LCCA Process Performing an LCCA study involves:
•
•
•
•

establishing objectives for the analysis,
determining the criteria for evaluating alternatives,
gathering cost information, and
developing a life cycle cost for each alternative.
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Step 1. Establish Clear Objectives
To be successful, an LCCA study must have clear objectives, and they must be
objectives that this type of study is well suited to address. LCCA can capture
dollar cost variations between alternatives and show which option will have the
lowest overall cost. It can only address values quantifiable in dollars. For
example, an LCCA study of high-performance glazing can capture the overall
cost-effectiveness of different options as compared to a base case. LCCA is not
the right tool to explicitly evaluate improved comfort or occupant satisfaction
with the different glazing products.
Step 2. Determine LCCA Metrics (total cost and payback)
The two primary metrics to be used and calculated in LCCA are the life cycle
costs of each alternative and its payback over a certain study life. That is,
consideration should be given to total costs and the time it takes to recover an
incremental initial investment incorporating the time value of money. When two
alternatives have similar operate and maintenance costs over the study life,
“first” costs (i.e., construction costs or investment cost) will most likely drive the
decision. This approach is further supported by the consideration of uncertainty
(see below under “Calculating Life Cycle Costs”).
Step 3. Gather Cost Information
Cost information can come from a variety of sources, including cost estimating
consultants, contractors, vendors, and designers. For each alternative, gather all
of the cost information described below under Cost Components of LCCA (e.g.,
construction, utility, maintenance, service, and in some cases remodelling costs).
Identify additional soft cost requirements for the alternatives as well.
Step 4. Perform Life Cycle Cost Calculations
For each alternative, calculate the metrics listed in Step 2. above, using the
parameters listed under Life Cycle Cost Parameters below. Test each alternative
against the two metrics and make a recommendation on which to incorporate
into the design, in case of products which is economically most sound to
implement in the company.

Cost Components of LCCA
An LCCA may include project, utility, maintenance, service, remodelling, and endof-life costs, as well as benefits to infrastructure.
Project Costs
Project costs, sometimes referred to as initial or first costs, include both “hard”
or construction costs (labour, materials, equipment, furnishings, etc.) and “soft”
costs (design fees, permit fees, etc.). Cost estimates and information from
contractors, vendors, and design teams can be used to develop project costs for
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LCCA alternatives. In LCCA studies, the cost differences between alternatives are
usually what is important, not the absolute costs. Project costs therefore only
need to be developed for the components that vary between alternatives. For
example, in comparing two HVAC (heating, ventilation and air-conditioning)
systems that have the same zonal equipment (e.g., VAV boxes) but varying
central equipment (e.g., air handlers), the zonal equipment costs can be ignored
and only the costs of the central equipment developed. It is important to be as
complete and thorough as possible when considering project cost variations
between alternatives; all costs that vary must be captured in order to make a
valid comparison. Design and other soft costs should be identified and built into
the LCCA calculations. For each type of utility service there is a cost per unit of
energy delivered that will be charged to the building. The rates and units for
these utilities are listed below under Life Cycle Cost Parameters.
Energy Estimating Methods
Typically the mechanical and/or electrical engineers on a design team will
estimate the amount and rate of building energy use.
These include:
• Equivalent full-load hours
• Degree-day methods
• Outside temperature bin methods
The mechanical and/or electrical engineers can decide which method is most
appropriate for a given project, in consultation with the Project Manager (energy
manager or energy team of the facility).
Non-Energy Utility Costs
Domestic water and sewer service are two non-energy utility costs that need to
be developed when affected by alternatives being modelled. Maintenance Costs
Maintenance refers to the costs incurred to keep building systems running
properly. The wide array of activities performed by maintenance staff fall into
four cost categories: preventive, reactive, planned, and deferred. These data
should be based on historical data provided by facilities operations.
Preventive maintenance is routine, scheduled activity intended to keep a
system running at its best. This maintenance is performed whether or not there
are any problems with a system. It is designed to prevent breakdowns. Changing
filters and lubricating bearings are examples of preventive maintenance
activities. Preventive maintenance costs associated with equipment and systems
should be incorporated into LCCA calculations.
Reactive maintenance is performed in response to problems. If a fan belt
breaks, for example, a technician issues a work order to replace the belt and
address any associated damage to get the system running again. Reactive
maintenance is unpredictable. In theory, if systems are running well and all
required preventive maintenance is performed, then reactive maintenance
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should be minimal. In practice, unplanned failures will occur and will require
repairs. For a project to retrofit an existing building that has ongoing reactive
maintenance needs, the LCCA base case should include these costs, and the
alternatives can model reasonable and appropriate reductions.
Planned maintenance is the replacement of building subsystems at the end of
their useful lives. LCCA calculations expressly include planned maintenance in
the form of replacement costs of equipment and systems. For example, if the time
frame of a study is 30 years and a component of a mechanical system (e.g., a heat
pump) needs to be replaced every 10 years, then the life cycle costs need to
include the cost of that replacement at year 10, year 20, and year 30. Factoring
system and component replacement costs into LCCA calculations requires
making a number of assumptions about the useful life of these items. These
assumptions should be clearly stated and documented so that they can be
confirmed by the appropriate members of the EMA team. Where possible,
building component replacement frequencies should be consistent with those in
the Annual Investment in Energy efficiency analysis performed as part of the
annual budget plan.
Life cycle cost analysis can be made for large systems or just for buying
appliances, for some appliances the method is very simple, investment minus the
maintenance (power consumption).
Example:
Compared to traditional incandescents, energy efficient light bulbs such as
halogen incandescents, compact fluorescent lamps (CFLs), and light emitting
diodes (LEDs) have the following advantages:
•
•

Typically use about 25%-80% less energy than traditional incandescents,
saving you money
Can last 3-25 times longer.

Today's energy-efficient bulbs are available in the wide range of colors and light
levels you've come to expect. While the initial price of energy-efficient bulbs is
typically higher than traditional incandescents, newer bulbs cost less to operate,
saving you money over the life of the bulb. Many of the newer bulbs last
significantly longer than traditional bulbs, so you won't need to replace them as
often.
The table below compares a 60 watt (W) traditional incandescent with energy
efficient bulbs that provide similar light levels.
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Table 31. Comparisons between Traditional Incandescents, Halogen Incandescents, CFLs, and LEDs

Comparisons between Traditional Incandescents, Halogen Incandescents, CFLs,
and LEDs
60W
43W
15W CFL
8W LED
Traditional
Energy-Saving
Incandescent Incandescent
Energy € –
~25%
~75%
~85-90%
Saved (%)
Initial cost € 1
€2
€3
€5
Annual
€4.80
€3.50
€1.20
€0,6
Energy
Cost*
Bulb Life
1000 hours
1000 to
10,000 hours
25,000 hours
3000 hours
If changed instead of
If changed instead
If changed instead
Return of traditional
of traditional
of traditional
investment
incadesent:
incadesent:
incadesent:
Initial investment of
energy saving
incandescent lamp 2€
- 1€ initial
investement of
tratitional lamp=
price difference in
initial cost of
incadesent energy
saving lamp = 1€
1€ is needed to save
on energy in order to
return the
investment.
Annual energy cost of
incadesend lamp 4,8€
- 3,5 € energy cost of
energy saving
incandesent = 1,3 €
annual saving of
energy which means
the more expensive
energy saving lamp is
paid back in less than
one year.
Annual savings: 1,3 €
Payback period : 1
year

Initial investement
of CFL 3€ - 1€
initial investment
of traditional
lamp= price
difference in initial
cost= 2€
2€ is needed to
save energy in
order to return the
investement.
Annual energy cost
of incandescent
lamp 4,8€ - annual
energy cost of CFL
1,2€ = 3,6€ annual
saving of energy if
incadesent lamp is
changed with CFL
Annual savings:
3,6€
Payback period : 7
months

Initial investement
of LED 5€ - 1€
initial investment
of traditional
lamp= price
difference in initial
cost= 4€
4€ is needed to
save energy in
order to return the
investement.
Annual energy cost
of incandescent
lamp 4,8€ - annual
energy cost of CFL
0,6€ = 4,2€ annual
saving of energy if
incadesent lamp is
changed with LED
Annual savings:
4,2€
Payback period : 11
months

*Based on 2 h/day of usage, an electricity rate of 11 cents per kilowatt-hour, shown in euro

By simple mathematics it can be observed that buying the cheapest incadescent
lamp is not economically best. What is important is the whole life cycle cost of
the product so during a whole life span of an LED lamp the measure becomes
most cost effective. This method can be applied to all energy products, and LCC
to every project, in renovating or just buying new products.
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Building capacity
Building capacity in company
Managers
The manufacturing processes are places where additional value is created. The
value creation is carried out by people grouped together according to the
organizational arrangements needed for a process to work. Managers are the
most important group within a company because they cement people within the
groups into teams connected by common goals. The people within groups and
groups among themselves establish relationships. Therefore, organizations are
relational systems and can achieve high performance and continuous
improvement only by empowering and motivating their people to do so.
The realization of EMS cannot be seen as a single and purely market driven
economic decision but requires the initiation and management of related social
processes in the firm involving various internal and external actors. The success
of companies working with EMS is dependent on different internal factors such
as company culture, technical capability or social integration of energy and
environmental issues. However, since companies as social units interact with
their settings, external conditions, including policy programs, directly or
indirectly influence the process of implementing energy efficient and
environmentally friendly technologies or establishing EE behavior.
Managers need to integrate a number of factors in order to enhance
organizational ability to adopt changes and perform. Their focus must be on the
common goal – performance improvement – which requires the commitment of
the people and agreement upon the course of action.
Companies differ in characteristics and requirements – so there is no ‘one-sizefor-all’ approach that can secure a successful EMS project. This is especially so
when it comes to people because success in working with people is highly
dependent on cultural and social aspects, which are ‘soft’ issues. At the beginning
of the process, the company is exposed to key events, which stimulate the key
actor (change manager) to think about an EMS project and initiate planning,
decision and implementation processes. This is influenced by the existing
context of personal motivation, experience, energy and environmental knowhow and organizational conditions.
Companies represent social systems which are influenced by networks of
internal and external inter- relations and interactions. Key actors within these
networks – managers providing leadership – are instruments for stimulation,
realization and diffusion of energy efficiency and environmental improvement
activities. To be effective as a manager requires one to be good at managing
people and relationships within and across functional groups.
The workforce is a living organism. If leadership is to effect dramatic changes in
a company, the workforce needs to know how to follow and how to respond
correctly to changing events. Managers inspire constancy and unity of purpose
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for continual improvement of organizational profitability. All stakeholders are
willing to provide or accept leadership when needed and will follow directives
when goals, means and deadlines are clear, and when they feel competent and
able to do so.
Employees
Employees, with their roles, interactions, skills and (de)motivational factors are
key dimensions of the realization of EMS. Employees are organized into
functional units or teams but a unit is not just a mere organizational box! Units
consist of people – the unit is people! Where a single individual may despair of
accomplishing a seemingly complex task, units or teams nurture, support and
inspire each other. The challenge for team leaders is to form a cohesive unit from
people of varying capabilities, personalities and work styles. The team must
understand how performance standards and targets are established. They need
to accept them as a guide for a common purpose and direction.
Each team member has to be assigned to a right role based on his or her skills. If
the skills are not adequate, training is required. Regular team progress meetings
are essential in order to build team spirit, to develop better understanding of the
tasks ahead and to get the members working together effectively toward the
targets. Any initial hesitation and insecurity has to be overcome quickly and a
‘We can do it!’ attitude has to prevail. The teams may need some external
support in order to reach that point and some positive reinforcement of their
performance, but once they are there, we are on the right track!
In our experience, to build and achieve people’s ‘confidence’ is the key ingredient
for success.
When teams work in a spirit of cooperation and share confidence and mutual
respect, this enables them to make decisions effectively and with a minimum of
internal disagreement, which will lead them towards the achievement of the
established targets. A competent and motivated workforce will be able to
manage day-to-day uncertainties proficiently, always improving its ability to do
so, measuring the effect of its actions by feedback in order to adjust the next
action, thus improving skills and learning by doing.

Initiating Training, Awareness and Motivation Programs
Training comes first!
It would seldom be the case that a company is in a position to embark on a major
performance improvement program without a need for additional skills
development. More often, an internal training program would be required in
order to raise awareness, improve individual qualifications and provide the
necessary skills for the workforce. Training is a process of teaching and
developing skills. Training can be carried out in a formal (training courses) or
informal (meetings and workshops) way for different target groups and on
various subjects. An important training objective should be to develop a positive
‘it can be done’ attitude among employees. Such confidence will improve their
‘self-efficacy’, i.e. ability to adopt and implement the process of change. Self-
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efficacy for further action is increased by a better knowledge of the energy and
environmental aspects of production and new norms and ways of treating
energy and environmental issues gained during implementation.
Energy and environmental related qualification and training increases internal
know-how and con- tributes to the higher motivation and confidence of
employees. These individual training and learning processes represent a crucial
element for initial success and continued action.
Management
No group is more important to EM than the management team which must
allocate resources and provide support to the EEM program. In addition, it often
provides input and assistance with the process itself. Specific ways to work with
the management team should be carefully planned and executed. One approach
is to conduct a series of preparatory and progress review workshops in order to
get the program going. The ‘workshop’ is a structured meeting with clear
objectives, agenda, some presentations and discussions.
An introductory workshop titled ‘Managers’ Roles and Responsibilities for EMS’
can launch the process with the aim of clarifying roles and responsibilities,
shaping critical skills and changing perception, as well as enhancing support for
EMS. The objective is to have managers leave the workshop with an improved
perception of the impacts of EEMS on business, the relevance of their area of
responsibility and a clearer understanding of the role of EMS. If the workshop is
successful, managers will have a renewed commitment to making EMS more
effective in their departments.
The management roles and responsibilities are given here below:
MANAGEMENT TEAM
• Monthly review of energy and environmental performance reports from
operation team.
• Making sure that all action plans are as scheduled.
• Making decisions and preparing budget for all activities concerning EEMS.
o Rewards/incentive
o Awareness & Motivation (A&M) activities
o EEMS Instrumentation
OPERATION TEAM
• Weekly review of energy and environmental performance reports from
departmental teams.
• Providing feedback to performance improvement teams.
• Providing technical support to performance improvement teams.
• Communication – horizontal and vertical.
EMS MANAGER
• Organize and manage EMS operation
• Meters – installation, maintenance and calibration
• Meters – reading verification and check-ups
• Supervising performance data key-in and processing
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•
•
•

Report to management team
Giving feedback to operation teams on their performance directly
Giving technical support to operation teams, if required

TEAM LEADERS
• Responsible for energy and environmental performance in their areas of
work.
• Organize A&M training for their staff.
• Organize and motivate their staff in order to improve energy and
environmental performance following general A&M training.
• Communication.
• Be the leader in their area of responsibility.
• Actively identify opportunities to reduce energy and raw materials
consumption while maintaining production quality and quantity.
• Take corrective action.
A&M COORDINATOR
• Responsible for coordination and implementation of all A&M activities as
approved by the management, on an on-going basis.
How many preparatory workshops will be required depends on the extent to
which energy and environmental management has been developed in a company
prior to the decision to embark on a major energy and environmental
performance improvement program.

Change
Each EMS starts with education of personel, a clear organizational structure and
assigned responsibilities. As previously mentioned an often observed issue
during the field visits is the conscious of energy and environmental management.
On an on-going UNDP project were efficient rocket stoves were donated to some
rural communities in Tajikistan the feedback was collected where the most
rocket stoves were not used by the people because they had to cut the wood into
smaller pieces. So, they were not keen to use the stoves and therefore save wood.
The key word is “change” and “change” should not always be a following action
after a deficit of an energy or water source. “Change” involves planning followed
by action. There are two certain facts in energy and water supply which are for
certain and they are:
•
•
•

Energy and water supply decreases if not treated well,
The energy and water prices will just rise in future,
What we consider waste is mostly not waste.

In this context, change means a qualitative new way of treating energy and
environment. As such, it always means partial restructuring of established habits
and routines. EMS requires new patterns of behaviour to evolve – both at the
level of individual actors and at the general organizational level. Accordingly,
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change is understood as an innovation of social, communicative and
organizational features which foster taking up EMS techniques.
Implementation of EMS can be viewed as implementing a project of change. To
achieve transformation, i.e. to improve energy and environmental performance,
people must be willing and capable of changes.
Willingness has three dimensions:
• awareness,
• motivation; and
• skills.
Awareness means that people, from top management down to the workshops,
know what energy forms are, what may be the environmental impact of their
activities, what the energy costs are, and where the potential for energy savings
is.
Motivation is necessary in order to trigger people to change their attitude to
energy and use of materials in order to cut energy costs through more efficient
and responsible operation of machines and other energy uses, providing that
they have adequate skills and competencies.
There is one more vital ingredient for the success of change – leadership!
Without leadership any change project, EMS included, will lose its purpose and
eventually fail. This has been observed many times in similar projects because in
the end for example in public buildings nobody pays from their pockets for the
energy and water costs, from the top management to the lowest level of the
organizational structure.

Finding resources
The alternative/innovative financing models such as crowdfunding and P2P
lending to cryptocurrencies, equity based crowdfunding, smart remittances,
impact investment, and mobile money are growing not only in terms of their size
but in a way how they operate and how they serve the poorest of the poor in the
developing world. With 2.5 billion people worldwide currently lacking access to
a formal bank account, innovative finance mechanisms are rapidly growing to
bridge the gap.
It is estimated that in the past year USD 16 billion have been raised through
various crowdfunding platforms, while the World Bank estimates say that by
2025 this amount will grow to over USD 100 billion. From providing a more
effective vehicle for investing diaspora funds, to leveraging startup capital for
small businesses in the developing world – crowdfunding is revolutionizing
development and policy-making.
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Equity based platforms have expanded by 410% from 2012-2014, and equity
crowdfunding and crowdlending are expanding at the highest speed.
Crowdfunding especially is creating a new space in international aid, which
allows individuals from everywhere in the world to participate in global
development efforts. Equity and lending based crowdfunding assume a financial
return for the backer.
Peer-to-peer (P2P) lending describes the facilitation of loans from private
investors directly to private borrowers. The lending often takes place through an
online platform and the entire loan amount needs to be paid back to the lender,
inclusive interest rates.
The Economist calls blockchain ‘the trust machine’ – a technology that allows
you to write contracts without lawyers and transfer money without banks.
Consider the application to just one area of interest to development: remittances.
With an estimated 232 million international migrants living abroad sending back
over $530 billion to their home countries, how might a blockchain help reduce
overhead costs of transferring remittances? This is very important question for
countries such as Tajikistan and the Kyrgyz Republic where more than a million
men work abroad; and remittances are in some years consisting almost 50% of
the GDP. Potential applications of the blockchain are numerous, from land
registries, cap and trade for emissions to reducing costs of transferring
remittances and enabling low-cost, rapid disbursement of funds in humanitarian
emergencies.
These are just some of the many alternative financing models that are emerging
and thus transforming the way how development works; within our activities we
are implementing most of them.
More information can be found at:
http://www.nesta.org.uk/blog/8-trends-alternative-finance
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Developing strategy
What are the aspirations & the concrete goals against which
the project can measure progress?
Across the potential field available, where will the project
choose to play and not play?
In the chosen place to play, who are the competitors and
who/what are the barriers?
What capabilities are necessary to build and maintain achieve
the goals?
What management systems are necessary to operate to build
and maintain the key capabilities?
Energy efficiency measures are correctly performed having an EMS system
beforehand. An energy action plan is performed correctly having a strategy
beforehand.
The proposed methodology and approach to raise energy efficiency, enable
capacity development and increase technical capacity is given below in the next
table step by step. The steps have been developed according to the knowledge
and experience of the Croatian model, GEF funded project “Removing barriers
for energy efficiency in Republic of Croatia” and adjusted to conditions in
Tajikistan.
Enabling policy framework and capacity development for green energy
Energy
market
risk
arises
from
limitations
and
uncertainties
in
the energy market, and sub-optimal regulations to address these limitations and promote green
energy markets. Despite a number of positive regulatory reforms to stimulate private
investment, Tajikistan still ranks only 143rd of 189 economies in the World Bank’s 2014 Doing
Business Report. Accroding to the Law on Renewable Energy Sources conducive market
environment for private investment in green energy should be established.
Steps:
•
•
•
•
•
•
•

Conducive policy and regulatory framework for green energy
Technical capacities, know-how and entrepreneurship opportunities for green energy
products and services
Enabling policies and regulations for green energy
Business incubators for green energy SMEs
SMEs engaged in manufacturing of energy efficient equipment
Training providing skills in entrepreneurship, marketing, sales and servicing of green
energy products
Ministry of Energy and Water Resources and other relevant governmental agencies (e.g.
Ministry of Finance, Ministry of Industrial Development etc.) implementing policies and
regulations for green energy SMEs, such as revision and proposal of relevant by-laws
based on Pamir Energy model to enable other companies/energy service providers
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(RESCO-type) to offer their services on the market basis in residential and public sector
(hospitals, schools etc.), provision of fiscal and other incentives for green energy,
introducing streamlined procedures for green energy product certification and related
quality and performance standards etc.
Access to technology and knowledge
The technology risk arises from the lack of experience with and know-how about green energy
technologies in Tajikistan. Local entrepreneurs, while being highly enthusiastic about market
opportunities for green energy, lack essential knowledge and skills to manufacture, install and
operate these technologies.
Steps:
•

•

Establishment of Info-Educational Centers on Green Energy
Through the Centers, SMEs will be able to disseminate information about their products,
and also learn about new market opportunities, receive information on financing
schemes for green energy, as well as other type of business support, training and advice.
Market outreach activities targeting general population, local governments and business
sector about green technology possibilities that would enhance their business
proposition or local development opportunities, communities interested in establishing
green energy SMEs/energy cooperatives and mobilizing communities in the use of clean
energy.

Access to finance for green energy
The market demand risk arises from cheap energy prices and low awareness, willingness and
ability to pay for green energy services by rural consumers, thus undermining prospects of
sustainable and sufficient return on investment. Independent power producers (as set in rural
regions) lack guaranteed market for their electricity for almost half of the year.
The financial sector risk arises from a lack of access to finance for green energy
Steps:
•
•
•
•
•
•

Improved access to equity investment and affordable loans for green energy
Affordable credit facilities for green energy designed in partnership with Ministry of
finance
Loans and microcredits to green energy
Innovative financing, Crowdfunding platform and/or other business models to capture
remittances flows for energy access set-up
Donations, equity and loan crowdfunding models
Equity and loan resources leveraged for investment in green energy

RESCO3 business models for green energy
Sesigning and supporting Renewable Energy Service Company (RESCO) model for delivery of
green energy services and products in rural areas. Business models may include several options,
e.g. a leasing model, whereby the clients rent a RES system and operation/maintenance risks are
borne by the RESCO; a hire- purchase model (whereby RESCO retains ownership of the RES
system until user has completed payments over the lease period); or even a concession model
(whereby one or more RESCOs are contracted on a fee-for-service basis by the Government to –
for example – provide energy services to the public sector facilities, schools or hospitals).
Steps:
•
•

Improved access to sustainable energy services in remote rural areas
Pilot scalable business models for RESCO identified and implemented

3 A Renewable Energy Service Company (RESCO) is an ESCO Energy service company which provides energy to the
consumers from renewable energy sources, usually solar photovoltaics, wind power or micro hydro.
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•

Decentralized renewable energy based power capacity provided through RESCO model

Decentralization and energy cooperatives in rural regions
Steps:
•

•
•

Power sector is highly monopolized: 98% of existing generation capacity (5,148MW),
transmission and distribution network are owned and operated by state-owned Barqi
Tajik company.
Replication of market-based business model for energy service provision as Pamir
Energy in Gorno-Badakhshan Autonomous Region.
Construction of micro and mini hydropower plants (below 1 MW) to overcome the
deficiencies of centralized power supply.
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Conclusion
Energy and water is a vital part of any business, an energy system or grid is a
“live” part of each country, its blood vessel and thus, as it cannot be completely
and globally stored nor its supply is infinite, it has to be monitored on a constant
basis.
Every activity, be it a manufacturing process or an administrative task, requires
energy in some form and amount. Therefore energy flows to every corner of a
business. Green energy future starts not only with new policies on the
governmental level, or new laws regarding small, medium and large industry,
education of personel of public buildings or industrial employees, education of
the youngest generations, only change of equipment without change of behavior,
operation and maintenance procedures, or introducing green renewable energy
and similar, but is an integral process of combining all mentioned above, with
determination, continuity, communication and patience.
Wherever an activity takes place, leading to energy and water use, an impact on
the environment may occur, significant or not.
As observed during the energy audits, but also during other projects in Republic
of Tajikistan, the lack of conscious for energy and water management,
environmental change and issues, indifferent thinking like “I cannot make a
change alone”, starting from end users including sometimes decision and policy
makers, or lack of knowledge in rural regions are still strong. Energy and
environmental issues, by their nature, cross the boundaries of business units and
functional areas within an organization, and a country, and therefore energy and
environmental performance is everybody’s concern.
It is also people management, organizational behaviour and culture management
that needs to be assessed. It is a way of life leading to the conscious fact that
nothing is for granted. At the moment, this lack of knowledge, conscious,
indifference, and the low price for energy and water is the biggest barrier for
energy efficiency. So to start the process of change not only education of the
lowest level, but policy change and a national energy action plan is needed.
Republic of Tajikistan could be the leading country in Central Asia disseminating
and transferring knowledge to neighbouring countries. Dissemination is aimed
at sharing lessons with others and encouraging them to try new approaches. The
mechanisms for recording and disseminating mutually understood lessons
institutionalize the lessons and set the stage for further improvements.
Accumulating and disseminating knowledge is too important to be left to chance.
There must be a specific policy designated to ensure that knowledge is treated as
something of value. It cannot be assumed that change may just happen. It must
be the result of conscious effort.
The first step that needs to be implemented is enabling policy framework and
capacity development for green energy and energy efficiency, setting up knowhow and entrepreneurship opportunities for green energy products and services
205

(business incubators for green energy and energy efficiency, training for local
companies, universities, NGOs, decision makers, management of public buildings,
etc.).
The second step access to finance for green energy and energy efficiency projects
and/or energy service users. This step includes policy framework for improving
access to equity investment and affordable loans for green energy and energy
efficiency (nationally established fund for energy efficiency and environmental
protection, innovative financing like crowdfunding, crowdinvesting and
crowdlending, energy service and energy performance contracting like RESCO
and ESCO projects etc.)
On a national level Renewable Energy Centers or Energy Efficiency Centers could
be established leading to knowledge transfer to all levels, making technology and
education regarding energy efficiency and green energy accessible to everyone.
The result of policy change could also be obligated energy management where
local and regional governments have to have an energy efficiency or EE team for
energy management in their region, for all public buildings, an EE team for
industrial buildings and companies, and for large consumers. Such law obligates
the EE teams to send regional action programmes (a 5-10 year programme) and
action plans (1-3 year short term exact programme) what is planned and what is
done regarding energy efficiency and green energy in the region. The update on
and the progress of the programmes and plans are sent on a yearly basis to the
Ministry in charge or the EE Center and analysed.
Without continuity and new policy, restrictions but also penalties it is difficult to
start. As the electricity grid needs reparation and as overall energy supply is not
liberated there are open doors for small scale off grid systems in rural regions.
The technology is readily available. What is missing is quality control, a Green
Procurement action plan and the conscious of “pay more - save more – in the end
pay less” principle.
The here described steps could be the focal area and strategy framework of a
national project as the “Green Energy SMEs Development Project” planned for
implementation during the next 5 years.
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