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Abstract. In Romania, major focus and interest are currently expressed for
the energy strategies domain. The increase of the energetic efficiency is
therefore a main concern for the authorities. In the current paper the main
factors which are leading to the increase of this energetic efficiency are
highlighted. These are: CHP (Combined Heat Power), combined cycles, the
use of RER (reusable energy resources). The article also contains a
classification of the RES (secondary energy resources) as function of the
thermodynamic agent nature and/or its thermodynamic state. The theory and
concepts are strengthened with relevant examples which have direct
applicability in the oil and gas industry.

1 Introduction
Energy has been and will be the priority subject of a society. Be it for the well-being of the
population or for economic growth/development, energy is indispensable. It can be used
directly or indirectly, i.e., by saving or reusing it, which leads to the reduction of chemical
and thermal pollution.
In 1992 environmental experts from over 200 countries gathered in Rio de Janeiro in
order to provide solutions to the global environmental crises that society has been facing. On
that occasion it was acknowledged that the climate system was a common resource whose
stability could be affected by the emissions of carbon dioxide and greenhouse gases.
In 1994 Romania ratified the United Nations Framework Convention on Climate Change.
Thus, Romania clearly expressed not only its concern about global climate change but also
its firm intention to meet its commitments under the Convention.
In Kyoto, Japan, between 1-11 December 1997, 161 countries concluded an agreement
called the ”Kyoto Protocol”, which sets the terms and rules for reducing greenhouse-gas
emissions [1-2].
Energy issues have had significant inflence upon the dynamics of Romanian legislation.
Law on Energy Efficiency 121/2014 aims at creating the legal framework for the
development and implementation of the national energy efficiency policy in order to achieve
the national energy efficiency target. Energy efficiency policy measures apply across the entire
chain: primary resources, production, distribution, supply, transport and final consumption. A
national target of reducing energy consumption by 19% until 2020 has been set.
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As regards energy efficiency policy, some of the most important aspects refer to:
• Promoting energy efficiency mechanisms and financial instruments for energy saving;
• Education and awareness of final consumers regarding the importance and benefits of
implementing energy efficiency improvement measures;
• Promoting fundamental and applied research in the field of efficient energy use;
• Introducing high energy efficiency technologies, modern measurement and control
systems as well as energy management systems for continual energy efficiency
assessment and monitoring, and energy consumption forecasting;
• Reducing the environmental impact of industrial activities and producing, transporting,
distributing and consuming all forms of energy;
• Promoting the use of energetically efficient equipment and renewable energy sources by
end-users;
• Applying the modern principles of energy management [3-4].
The main energy-saving means that specialists use is energy balance, which allows both
qualitative and quantitative analyses regarding the manner in which fuel and all forms of
energy are used within the limits of a determined system [5- 9].
In the authors’ view, there are several ways to increase fuel efficiency consumption, such as:
• combined cycles;
• CHP (Combined Heat and Power).
Another aspect concerns effective ways of energy recycling. For this purpose, the
following steps need to be taken:
• evaluation of secondary energy sources (SES);
• use of renewable energy sources (RES).

2 Secondary energy sources. Renewable energy sources
The secondary energy sources (SES) of a process or aggregate represent all forms of energy
not used in the respective process or technological aggregate. SES are the result of a primary
technological process, as its by-products, being part of the energy losses of the process or
aggregate. The amount of energy of SES that is not recovered dissipates in the environment.
The definition and calculation of SES is made for a reference contour which includes the part
of the installation or subassembly envisaged. The reasons for the occurrence of SES are the
energetic imperfections of the processes that take place within the contour considered. The higher
the energy of SES, the more the processes in the contour take place with lower energy yields. For
technical and economic reasons only a part of the resulting SES can be used.
Renewable energy sources (RES) are the part of the secondary energy sources that can be
recovered in the context of economic efficiency. This part depends on the development stage of
the technology in question as well as on the costs of energy and materials used [10-11].
2.1 The effects of recovering secondary energy sources on an oil production
plant
The effects of recovering secondary energy sources on an oil production plant are not only
technical, but also economic and environmental. In technical terms, the design and fitting of
recovery systems directly into the technological flow contributes to the modernization of oil
transport, storage and treatment and allow the implementation of energy-efficient
technologies. As a result, these technological aspects can be optimized. From an economic
point of view, energy is thus saved, which helps reduce energy consumption for the contour
considered (oil production plant, oil storage and treatment parks or other related systems) and
save conventional fuel. The ecological aspect of recovering secondary energy sources relates
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to the reduction of heat emissions, which represent an imminent danger of destroying the
planet’s ecological balance [12].
2.2 Criteria for measuring the efficiency of recovering secondary energy
sources on an oil production plant
The efficiency of recovering secondary energy sources on an oil production plant is measured
taking into account technological, energy, ecological and economic criteria. As far as
technological criteria are concerned, the recovery solutions lead to the optimization of oil
transport, storage and treatment processes. The main energy indicator that shows the
efficiency of recovery solutions is conventional fuel saving.
Ecological efficiency is determined by taking into account the reduction of thermal
pollution. Also, the EU environmental norms concerning environment protection have
provisions regarding both air quality and taxes on air pollution. Economic efficiency is
determined by specific calculations which take into account cost, benefit as well as costeffectiveness. Table 1 shows the evaluation of secondary energy sources (SES) based on the
thermodynamic agent type and / or its thermodynamic state and the use of renewable energy
sources (RES), depending on the development stage of the technology involved [12].
Table 1. Identification of secondary energy sources and of ways of reusing them on an oil rig [12].
Secondary energy
sources (SES)
Renewable energy
sources (RES)

Recovery
of
heat
contained in combustion
gases

Thermodynamic agent
type and state

With temperatures up to
250°C
due
to
combustion processes
taking place in steam or
hot water generating
units

With
temperatures
between 250 °C and 400
°C,
coming
from
internal
combustion
engines
Recovery
of
heat
contained in the gases
resulting
from
oil
separation

Use of used steam

Coming from steamdriven
pumps
or
compressors

3

Ways of reusing SES on an oil
production plant
For technological purposes: combustion
air preheating, fuel preheating, heating
some petroleum products, water
preheating
For thermal purposes: preparing hot
water for domestic purposes or space
heating; air heating for indoor air
conditioning units (living quarters or
greenhouses)
For technological purposes: preheating
combustion air, heating some oil
products, producing water vapor,
preheating water
For thermal purposes: preparation of hot
water for domestic use or for heating
workspace and living quarters
For technological purposes: preheating
the air necessary for combustion; heating
some oil fluids
For thermal purposes: preparation of hot
water for domestic use
For technological purposes: heating some
petroleum products, preheating water
For thermal purposes: heating the water
in the water supply system for buildings
or neighboring consumers; heating air for
indoor air conditioning units
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Coming
from
the
continuous purge of hot
water
or
steam
generators

For technological purposes: preheating of
some petroleum products

Use of hot water (or
condensate) coming from
the heating systems of oil
storage and treatment
facilities

Use of cooling water from
technological installations
or
from
internal
combustion engines

For technological purposes: preheating
feed water before its chemical treatment
and degassing

For thermal purposes: preparation of hot
water for consumption
Water
with
temperatures between
25°C and 50°C
Water
with
temperatures between
50°C and 100°C

Use
of
resulting
combustible SES from oil
treatment plants

For technological purposes: preheating
added water for hot water or steam
generators
For thermal purposes: preparing hot
water for domestic use, heating indoor air
For technological purposes: preheating
added water for hot water or steam
generators and preheating oil fluids
For thermal purposes: preparing hot
water, heating indoor air
For technological purposes: combustible
gas use in the combustion processes
taking place in an oil rig’s thermal
system; their delivery to various
beneficiaries
For technological purposes: heating
some oil fluids

Use of hot oil

3 Cogeneration
Cogeneration is one of the most economical technologies aimed at reducing greenhouse gas
(GHG) emissions, along with the use of renewable energies.
Cogeneration is the combined and simultaneous production of mechanical work and heat,
starting from a single source of primary energy. In the other countries the term COMBINED
HEAT AND POWER (CHP) is used.
Energy efficiency is given by global yield, which is superior to separate production [13]:
ηg = (Q+E)/W

(1)

where:
Q - heat (MWh);
E - electricity (MWh);
W - energy equivalent of fuel consumption (MWh).
In general, the combination of economic and ecological benefits is to be achieved by
using cogeneration installations, where the reduction of conventional fuel consumption leads
to the reduction of noxious emissions (CO2, CO, NOx, etc.) [14-15].
Trigeneration is also used because it produces three forms of energy – electricity, heating
and cooling – through one process.
Cogeneration can take place in a steam turbine power plant or in a gas turbine installation.
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4 Combination of two thermal cycles
The combination of two thermal cycles is aimed at obtaining energy and economic benefits by:
• achieving a mixed cycle yield, superior to that of component installations, when they
would work individually;
• integrating energy and technological facilities to enable the use of low calorific or sulfurrich fuels;
• increased maneuverability of installations;
• reducing environmental pollution.
The combination of cycles is based on the use of the thermodynamic cascade. The heat
released from a high temperature cycle is used in the lower temperature cycle.
Figure 1 shows the diagram of an open-circuit gas turbine installation and steam generator
with no additional combustion.
It includes the following equipment:
• C - air compressor;
• CA - combustion chamber;
• TG - gas turbine;
• GE1, GE2 - power generators;
• RC - heat recovery unit;
• GA - water vapor generator (steam generator);
• TA - steam turbine;
• Co - condenser;
• PA - power pump.

Fig. 1. Diagram of a cogeneration plant with gas turbine installation and steam turbine installation [13].

5 Case studies
5.1 Probe gas combustion
In the process of probe gas combustion having the following volume composition (Table 2):
Table 2. Probe gas composition.
Components

Methane,
CH4

Ethane,
C2H6

Propane,
C3H8

Butane,
C4H10

Pentane,
C5H12

Hexane,
C6H14

%

69

9.24

6.23

3.46

1.1

1.77

A volumetric composition of the combustion gases is shown in Table 3.
Table 3. Volumetric composition of combustion gases.
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Water,
H2O
15.6

Sulphur dioxide
SO2
0

Oxygen,
O2
1.7

Azote,
N2
72.5

It is believed that a gaseous fuel flow of 362 m3N/h is consumed. Combustion gases are
discharged from the steam generator at a temperature of 252°C and from the heat recovery
unit – at a temperature of 92°C. The heat recovery unit has 100% efficiency. The running
time of the steam generator and the heat recovery unit is 5000 h/year.
Thus:
• A recovered flow of 321.8 kW, which means a conventional fuel flow of 39.52 kgcc/h;
• 1382.3 Gcal is recovered throughout a year.
5.2 Thermo- energy balance for a gas turbine installation.
For a gas turbine cogeneration plant (Figure 2), the energy balance and the output at the
terminals of the generator will be carried out. The balance will be carried out for the rated
load of 10 MW, for which the following data are known:
• fuel consumption: B = 0.95 m3N/s;
• low fuel calorific value: Hi = 35000 kJ/m3N;
• mechanical efficiency: ηm = 0.99;
• generator yield: ηg = 0.97;
• exhaust gas temperature: tg = 350 °C;
• initial temperature of cooling water: ti = 14 °C;
• final temperature of cooling water: tf = 49 °C;
• cooling water flow: ṁR = 15 kg/s;
• carbon oxide content: CO = 1 %;
• total volume of exhaust gas output: V g = 20 m3N/s;
• air volume: Vaer = 8.7 m3N/s;
• average specific heat of combustion gases: cpg = 1.46 kJ/m3N°C;
• average specific fuel heat: cpB = 1.55 kJ/m3N°C;
• average specific heat of air: caer = 1.29 kJ/m3N°C [16];
• average temperature of engine walls: tp = 50 °C;
• engine area: Sm= 6 m2;
• global heat exchange coefficient by radiation and convection: αrc = 9 kW/m2°C.
It is known that the energy consumed by the compressor is χ = 35% out of the one
produced by the turbine.

Fig. 2. Gas turbine cogeneration plant.
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The designations in the figure have the following significance:
C - compressor;
CA - combustion chamber;
GE - electric generator;
PR - network pump;
RT - thermal networks;
CR - recovery boiler;
TG - gas turbine.
Table 4 shows all the results obtained, i.e., the heat input and the heat output, respectively.
The graphical representation of the balance, in the form of a Sankey diagram, is shown in
Figure 3.
•
•
•
•
•
•
•

Table 4. Energy flow for a gas turbine installation.
Heat Input
QB
Qaer

kW
33272
168.345

%
99.49
0.51

Total Heat Input

33440.345

100

Heat Output
Qu
Qga
Qc
Qch
QR
Qrc
ΔQ
Qg
Qm
Total Heat Output

Fig. 3. Sankey diagram for a gas turbine installation.
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kW
10000
10220
5384.6
2523
2194.5
1890
825.245
303
100
33440.345

%
29.9
30.56
16.1
7.55
6.56
5.65
2.47
0.91
0.30
100
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5.3 Thermal energy balance at a cogeneration plant with steam turbines.
For a steam turbine cogeneration plant (Figure 4), with natural gas fuel and the flue gas flow
Qga = 10210 kW, the energy balance will be done using a Sankey diagram. The following
data are known:
• steam generator yield: ηGA = 0.92;
• piping efficiency: ηcd = 0.99;
• thermal cycle yield: ηt = 0.3465;
• the mechanical efficiency of the turbine: ηm = 0.98;
• electric generator efficiency: ηGE = 0.985;
• consumption of domestic services: ɛ = 0.05;
• main transformer output: ηtr = 0.99.

Fig. 4. Diagram of a steam turbine installation (1 - boiler; 2 - steam turbine; 3 - electric generator; 4 condenser; 5 - power pump).

Figure 5 shows the Sankey diagram corresponding to the system, whereas Table 5 shows
the thermal flows going in and out of the system.

Fig. 5. Sankey diagram for the steam turbine installation.
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Table 5. Energy flows for a steam turbine installation.
Thermal flow input
Qga

kW
10210

Total thermal flow input

10210

Thermal flow output
Qp, GA
Qcd
Q2
Qm
QGE
QSI
Qtr
Q1
Total thermal output

kW
816.8
93.93
6077.07
64.44
47.37
155.52
29.55
2925.32
10210

6 Conclusions
The evaluation of secondary and renewable energy sources on an oil production plant allows
the identification of various ways to increase the energy efficiency of oil transport, storage
and treatment processes. Thus, solutions to reduce chemical and thermal pollution of the
environment can also be provided. It is considered that the most coherent and pragmatic
method of energy analysis, through which the ways of increasing energy efficiency are
identified, is the periodic drawing of energy balances. Cogeneration and trigeneration are
appropriate solutions that meet the demand for electrical and thermal and cooling energy,
respectively, and reduce fuel consumption, which, in any similar situation, also meets the
requirements of environmental protection.
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