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Abstract:  Romania has a hydro technical 
potential of 36 TWh, out of which 46% is 
harnessed. In the year 2007 the electricity 
produced in hydropower plants was about 
16.5 TWh. This production represented about 
7% of the electricity production in hydro- 
power plants of the European Union in 2007, 
Romania being on the 7th place in the 
hierarchy of countries using this resource 

along with Sweden, France, Italy, Austria, 
Germany and Finland.  
This paper aims to analyze the benefits of 
efficient use of the renewable energy sources 
in the imposed EU conditions regarding the 
sustainable development and energy 
security. 
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1.  Introduction   
 

 

Climate change is one of the greatest threats 
to the environment and socio-economic 
framework, affecting the quality of life, 
security of property and influencing the 
human activities and the structure of 
localities.  
Regarding the climate change at the 
European level a series of regulations which 
contribute directly or indirectly to achieve of 
the targets of European Union to reduce the 
greenhouse gases emissions were adopted.  
The action plan adopted by the European 
Council intends to:  
 

-    reduce the greenhouse gases  
emissions with 20% until 2020 and 
up to 60-80% on long-term by 
2050; 

-    achieve a quota of renewable 
energy use of 20% in the final EU 
energy consumption;  

-    increase the energy efficiency by  
20% until 2020.  

 
To achieve these targets, the European 
Commission focuses on developing feasible 
national plans.  
Thus, according with the Directive 
2009/28/EC on renewable energy, the 
European Commission has adopted a 
framework for National Action Plans on 

Renewable Energy by requiring all countries 
to develop until June 30, 2010 these plans 
and to detail the strategies for achieving their 
targets up to 2020. As required, these plans 
must reflect the achieving of national targets 
in 2020 regarding the share of renewable 
energy in the total consumption for electricity 
generation, ensuring the heat, cooling and 
transport, and the path chosen to achieve 
those targets.  
Taking into consideration the important 
contribution of electricity production sector to 
total emissions greenhouse gases, the 
establishing of national development plans 
imposes the adoption of technologies which 
provide the reduction of negative impacts 
over the environment.  
The renewable energy resources use lead to 
greenhouse gas emissions reduction and 
decrease the fossil fuels import dependency, 
good for improving the security of power 
supply.  
During 1990 - 2005 the production of 
renewable energy sources increase (almost 
doubled) in this period, the essential 
contribution having biomass and waste 
(about 67% in 2005) followed by hydro 
energy (about 34% in 2005) (Table 1). 
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Table 1. The evolution of production of renewable e nergy sources   

   
Production, Mtoe      

1990  1995  2000  2005  
Hydro energy 1.460  1.435  1.271  1.737  
Biomass and waste energy 1.147  1.726  2.854  3.314  
Wind energy 0  0  0  0  
Solar energy 0  0  0  0  
Geothermal energy 0  0  7  82  
Total renewable sources  2.607  3.161  4.131  5.134  

   
For the National Power System (NPS) is very 
important the use the hydro energy as main 
renewable resource taking into account the 
characteristics of hydropower sets.  

   
2. Hydropower potential of Romania   
   
According to commissioning studies, the 
hydro technical potential of Romania is 36 
TWh / year of which about 10 TWh / year is 
our country's share of the potential of the 
Danube.  
In the current economic and social conditions 
in Romania is estimated however that the 
economic potential harnessed varies within 
28 ÷ 32 TWh / year.  
According to UCTE terminology an 
exploitable potential is defined and 
represents a part of the economic potential if 
one takes into account the legal restrictions 
and environmental protection. It is estimated 

that the exploitable potential is about 85% of 
economic potential harnessed ranging within 
24÷27 TWh / year.  
Given the changes in electricity production in 
the period 2000-2007 (Table 2)  results the 
following: 
 

- average production capacity of 
hydropower plants is around 16.5 
TWh/year, representing about 46% of 
technical potential harnessed and 
about 61-69% of the exploited ones;  

- the electricity is produced in:  
 

·    23.2% in plants with large 
storage lakes;  

·    34.1% in plants in downstream;  
·    3.8% in plants with daily  

accumulations and small power;  
·    38.9% in river power plants.

 
Table 2. Evolution of electricity production by typ e of plant 

 
2000 2005 2006 2007 2008  

TWh % TWh % TWh % TWh % TWh % 

Gross electricity 
production of 
which: 

51.93 100.0 59.41 100.0 62.70 100.0 61.67 100.0 64.75 100.0 

Nuclear power 
plants 5.46 10.5 5.56 9.4 6.18 9.8 7.7 12..5 11.22 17.3 

Hydroelectric 
power plants 14.78 28.5 20.21 34.0 18.35 29.3 15.97 25.9 17.10 26.4 

Thermal power 
plants 31.69 61.0 33.64 56.6 38.71 60.9 38.00 61.6 36.43 56.3 

 Source:  National Institute of Statistics - Statistical Yearbook  
 
 
The electricity production in 2005 in 
hydroelectric power plants in Romania 
represented about 7% of the total production 
of the 27 EU countries. Thus, Romania was 

on the 7th place in the hierarchy of countries 
which use the own hydropower potential. 
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Table 3. Hydropower plants energy production in EU countries 

   
Electricity production, Mtoe   Country   

2000  2005  
Sweden  6.757  6.260  
France  5.822  4.491  

Italy  3.812  3.101  
Austria  3.598  3.085  
Spain  2.534  1.681  

Germany  1.869  1.684  
Romania  1.271  1.737  
Finland  1.261  1.185  

   
This production is dependent on hydrological 
conditions, varying widely depending on 
these conditions.  
It is noted that the installed capacity of 
hydropower plants increased in the period 

2000-2007 by about 3.5% (Table 4),  but 
electricity production has varied widely from 
13.26 TWh in 2003 to 20.21 TWh in 2005 
according to the sequence of rainy and dry 
years.  

 
Table 4. Evolution of installed power capacity in R omania [MW]  

 
 2000 2001 2002 2003 2004 2005 2006 2007 

Total installed 
capacity*,  
of which:  

 
21905 

 
20863 

 
19659 

 
19368 

 
19626 

 
19042 

 
19313 

 
20293 

nuclear power 
plants  

706 706 706 706 706 706 706 1412 

hydropower power 
plants 6120 6122 6242 6248 6279 6289 6281 6331 

thermal power 
plants   

15079 14035 12529 12414 12641 12047 12326 12550 

Source:  National Institute of Statistics - Statistical Yearbook  
* Represent the gross installed capacity, including the units stopped for rehabilitation and conservation  
 
In 2007 the hydro energy capacities representing about 31% of installed capacity of National 
Power System produced about 26% of gross NPS electricity production.  
  
3. Hydroelectric power plants candidates 
for future investment during 2010-2020   
   
In the period 2010 - 2015 the investment 
programs have in view to put into operation 
new hydropower sets totalizing an installed 
capacity of approximately 356 MW to 
produce in average hydrological years 
around 1.13 TWh/year and in dry years 
around 0.87 TWh/year.  
For the period 2011-2020 it is also possible 
to finance investments for the completion of 
hydropower plants with an installed capacity 
of about 198 MW which will produce about 
0.66 TWh/year in average hydrological years 
and 0.43 TWh / year in dry hydrological 
years.  
The commissioning studies to capitalize the 
economic potential harnessed highlights the 
possibility of achieving of hydropower sets 
with an installed capacity of about 255 MW 
during the period 2015-2020 to produce 1.02 
TWh / year and 0.77 TWh / year in average 

hydrological years and respectively dry 
years.  
With these investments it is possible to install 
about 54% of hydropower installable 
potential in the period 2010-2020, which is 
about 72 - 80% of the exploitable ones.  
By putting into operation the hydropower 
plants totalizing an installed capacity of 453 
MW we would reduce the amount of imported 
fuel in the period 2010 - 2020 from 91.4 
million toe. to 85.9 million toe. (about 6%), 
reducing the costs with imported fuel by 
about 8%, and total CO2 from 333 million 
tonnes to 316 million tonnes.  
In the period 2010 - 2020 in the power 
development program it is envisaged to 
complete the pumping storage hydroelectric 
power plant (PSHPP Tarni�a) initially 
equipped with two hydropower sets of 250 
MW each. Incompletion of the investment in 
hydropower sets described above leading to 
the increasing of number of groups from 
Tarni�a SPHPP from 2 to 4 in the period  
2015 - 2020.  
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  4. Advantages from the construction of 
storage pumping hydropower plant 
Tarni �a  
   
The Tarni�a pumping storage hydropower 
plant, with high manoeuvrability, operating in 
the pumping or turbulence is particularly 
useful because:  
 

·   improves the operating regime of 
large units in Cernavod�  NPP and 
condensing and cogeneration thermal 
power plants (avoiding electricity 
production on condensing tail) on 
fossil fuel by electric power transfer 
from gap to peak; 

·  participates in the frequency – power 
control; 

·  ensures the tertiary reserve; 
·  ensures optimal operating conditions 

in the conditions of installing a higher 
power than 3000-4000 MW in wind 
plants taking into account the 
difficulties in forecasting electric 
power produced in these power plants 
depending on weather conditions; 

·  delivers reactive power and operates 
in a compensatory regime ensuring 
the observance of electric power 
quality standards; 

·  improves the participation of the NPS 
in the single electricity market, 

increasing the degree of reliability in 
the entire NPS, the possibility of 
operating the NPS under superior 
technical and economic conditions.  

 
In the 2006-2008 period we noticed the 
difficulty in covering the load curve due to the 
current  structure of the power plants in the 
NPS of some contracts in force on the 
current electricity market and the form of the 
load curves. Under these circumstances, 
especially in the weekly load gap, as a result 
of low electric loads, after decommissioning 
the peak hydropower units it is necessary to 
shut down some thermal power plant units, 
which worsens the operation of those power 
plants with unwanted implications in the 
electricity market conditions.  
The issues will become even more 
complicated in the conditions of putting into 
operation in the  2015-2017 period of the 
units 3 and 4 at Cernavod�  NPP that have to 
be kept in operation at the level of the best 
operating state. Taking into account that 
units 3 and 4 do not have the possibility of 
participating in the frequency – power 
control, the existence of PSHPP Tarni�a of 
1000 MW will make it possible to operate 
them optimally.  
For the current NPS structure in 2006 and 
2007 we ensured the reserve powers 
presented in  Tables 5 and 6. 

  
 

Table 5. Powers provided and reserve in thermal pow er plants of the NPS 
   

Thermal power plants 
on coal   on hydrocarbons   

Cernavoda Nuclear 
Power Plant   Parameters   

2006  2007  2006  2007  2006  2007  
Power provided [MW]  4609  5052  2777  2957  641  909  
Power in reserve [MW]  1548  2001  1457  1693  0  0  

   
Table 6. Powers provided and hydropower reserve own ed by SC Hidroelectrica SA   

   
Year 

 MU 
2006 2007 

Energy produced 
Average power produced 
Power provided 
Reserve of power in the great lakes to December 31 
Percentage of storage capacity 
Changes in energy reserves during the year 

GWh 
MW 
MW 
GWh 

% 
GWh 

18235 
2082 
4222 
947.8 
33.8 

-554.6 

15807 
1804 
4331 

1912.5 
68.2 

964.7 

 
In 2007 were contracted system services in 
accordance with the UCTE rules (Table 7). 
The differences between the demand and the 
contracted values emphasize the current 

NPS situation, taking into account the 
structure of the existing power plants and the 
commercial policies of the market 
participants.
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Table 7. Power reserve contracted in 2007 

Contracting   

       MU  Necessary   
TOTAL  

Percentage of 
required   

[%]   

Designed to 
contract [%]   

Primary reserve adjustment *)  
Secondary reserve adjustment  
Early Tertiary Reserve  
Slow tertiary reserve  
Reserve capacity  
Reactive power produced in the 
secondary band tuning  

hMW  
hMW  
hMW  
hMW  
hMW  

   
hMWAr  

543120  
3528100  
7008000  
5697700  

1024  
   

800  

543120  
2457926  
5998741  
4654343  
260562  

   
14.28  

- 
69.7  
85.6  
81.7  

- 
   
- 

100.0  
99.7  
99.4  
99.0  
100.0  

   
100.0  

*) To the obligations established under the UCTE rule 62 MW 
 
It should be specified that the hydropower 
plants provide 87%, respectively 100%, of 
the secondary control reserve, respectively 
the rapid tertiary reserve, and the slow 
tertiary reserve is ensured 100% of thermal 
power plants.  
For including the power plants into the load 
curve it is extremely important to know in 
detail the performance of the units that 
belong to the NPS, respectively, their 
technological and economic characteristics.  

Thus, for 2006, it resulted that the thermal 
power plant with an installed capacity of 
12363 MW (Table 8 ) due to the technological 
restrictions that ensured a maximum capacity 
of 9192 MW, that is 74,4% in installed 
capacity.  
In 2015 and 2020 due to retirements, the 
maximum available power in the thermal 
power plant in  Romania is reduced to about 
35%, respectively 42%, as related to 2006.

  
Table 8. Maximum power available in 2006  thermal power plants in Romania 

Installed capacity on: 
Which from: Which from: 

Type of plant Total installed 
capacity Coal 

Lignite Hard 
coal 

Hydro 
carbons Gas Fuel oil 

 9192 5862 4374 1488 3330 2343 987 
Condensing (TPP) 5965 4581 3541 1040 1384 699 685 
Cogeneration (CHPP) 3227 1281 833 448 1946 1644 302 

   
The increase of the NPS in the maximum 
available power is carried out with the power 
units that will be put into operation in the 
period 2010-2020. An important contribution 
will also have the hydropower plants totaling 
an installed power of 356 MW commissioned 
in the period 2010-2015. 
For an optimal inclusion of power plants in 
2015 and 2020 we analyze the operation of 
power plants taking into account the technico 
- economic characteristics (unit availability, 
planned repairs, the failure probability, 
consumed fuel, the cost of fuels, etc) in 

accordance with the evolution of the load 
curves in those years.  
The analysis of the operation of power plants 
is conducted by means of the program 
ICARUS (Investigating of Cost and Reliability 
in Utility Systems) that belongs to the 
program package ENPEP. The calibration of 
the program for the NPS is conducted for the 
base year 2008, the same base year used for 
applying the program WASP. 
The structure of power plants in 2015 and 
2020 resulted from the analyses is presented 
in  Table 9. 

 
  

Table 9. The structure of power plants in 2015 and 2020 
Installed capacity       Type of plant   2015  2020  

Hydropower plant 6563  6636  
Pumping storage hydropower plant 500  1000  
Condensing power plant  4500  5100  
Cogeneration power plant  4330  3450  
Nuclear power plant 2118  2824  
Wind power plant 3000  4000  
TOTAL  21011  23010  
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Baze Peak Total Baze Peak Total Baze Peak Total Baze Pe ak Total Baze Peak Total Baze Peak Total 

January 549 1065 1614 482 755 1237 532 988 1520 558 1103 1661 500 794 1294 544 1026 1569

February 570 970 1540 500 650 1150 553 890 1443 575 985 1560 522 680 1202 562 909 1471

March 630 830 1460 550 600 1150 610 773 1383 635 845 1480 560 620 1180 616 789 1405

Quarter I 1749 2865 4614 1532 2005 3537 1695 2650 4345 1768 29 33 4701 1582 2094 3676 1722 2723 4445

April 888 1113 2001 710 952 1662 844 1073 1916 896 1147 2043 739 1002 1741 857 1111 1968

May 665 970 1635 450 850 1300 611 940 1551 675 995 1670 460 885 1345 621 968 1589

June 825 921 1746 500 791 1291 744 889 1632 835 936 1771 520 816 1336 756 906 1662

Quarter II 2378 3004 5382 1660 2593 4253 2199 2901 5100 2406 3 078 5484 1719 2703 4422 2234 2984 5219

July 462 927 1389 270 710 980 414 873 1287 469 962 1431 296 750 1046 426 909 1335

August 410 538 948 220 338 558 363 488 851 415 548 963 230 364 594 369 502 871

September 148 733 881 87 503 590 133 676 808 153 753 906 97 523 620 139 696 835

Quarter III 1020 2198 3218 577 1551 2128 909 2036 2946 1037 22 63 3300 623 1637 2260 934 2107 3040

October 277 895 1172 205 434 639 259 780 1039 283 905 1188 225 454 679 269 792 1061

November 425 978 1403 345 555 900 405 872 1277 431 998 1429 360 570 930 413 891 1304

December 565 1023 1588 446 600 1046 535 917 1453 574 1061 1635 461 644 1105 546 957 1503

Quarter IV 1267 2896 4163 996 1589 2585 1199 2569 3769 1288 29 64 4252 1046 1668 2714 1228 2640 3868

TOTAL YEAR 6414 10963 17377 4765 7738 12503 6002 10157 16159 6499 11238 17737 4970 8102 13072 6117 10454 16571

Electricity produced in HPP in GWh, in:

Months, 
Quarter

2020
Average hydrolocical year Dry year Average yearAverage hydrolocical year Dry year Average year

2015

Taking into account the evolution of the 
electricity production of hydropower plants in 
the period 2000-2007 and the detailed 
analysis of each hydropower facility was 
established the distribution of the electricity 

production of these power plants in the NPS 
in 2015 and 2020  (Table 10) for the average 
and dry hydrological years, as well as the 
average electricity productions during these 
years.

 
Table 10. Distribution of electricity production fr om hydropower plants from National 

Power system on Months and Quarters 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The dispatching of power plants in the NPS in 2020 resulted by using the program ICARUS is 
presented in Table 11 .  

 
Table 11. The electricity production, in 2020 by ty pe of plant 

 
Electricity production in 2020, in GWh   

No Type of plant 
Quarter I  Quarter II Quarter III  Quarter IV  TOTAL 

1. Nuclear power plant 5550 4016 5550 5550 20666 
2. Condensing thermal power plant on lignite  5172 3428 4798 4848 18246 
3. Cogeneration thermal power plant on lignite  661 538 575 1001 2775 
4. Condensing thermal power plant on hard coal  1263 1690 1650 1542 6145 
5. Cogeneration thermal power plant on hard coal 404 373 382 562 1721 
6. Cogeneration power plant on hydrocarbons  2993 2712 2700 4200 12605 
7. Hydro power plant 4445 5219 3040 3868 16571 
8. Tarni�a pumping storage hydropower plant  486 362 334 447 1629 

TOTAL  20974 18338 19029 22018 80359 

  
According to the results of 2020 PSHPP 
Tarni�a with the 4 installed units produces 
electricty worth 1629 GWh consuming in 
pumping 2152 GWh.  
This electricity production results if during 
working days we make an average 

production of about 6.5 GWh/working day, 
which means an 8 hour operating time of at 
least 3 units and about 4 GWh /Saturday, 
which means about 5 hour operating time of 
at least 2 units.  
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From the analyis of the results in 2020 it 
results that PSHPP Tarni�a has a positive 
influence upon the operation of the other 
types of power plants in the NPS. 
The nuclear power plants in 2020 have an 
installed capacity of 2824 MW, producing 
electricity representing 26% of the total 
production. These power plants represent 
about 20% of the peak load, practically their 
operation not being influenced by the 
variation of the load during the working day. 
However, the weekly gap, especially in 
summer when the load of the system 
decreases to 6500 MW it would be 
necessary to reduce the load also on these 
power plants, but with effects upon the 
efficiency of the operation. By including the 
PSHPP in the pumping one can avoid the 
reduction of the load in the nuclear units.  
Due to the pumping operation of the PSHPP 
reach a more uniform operation of the 
condensing thermal power plants on lignite 
and hard coal during working days and at the 
weekly gap, which leads to the reduction of 
the fuel consumption as related to the 
situation in which the PSHPP does not exist, 
avoiding shutdowns and reductions in the 
loads on large condensing units at daily load 
gaps, and esspecially at the weekly one due 
to pumping.  Thus, in 2020 the consumption 
of 2160 GWh for the pumping makes 
possible the supplementary fuel demand of 
0.32 mil. toe. Taking into account that the 
uniformity of the operation of condensing 
thermal power plants with larger units leads 
to a higher efficiency of fuel use and at the 
same time, we avoid the operation of the 
cogeneration units on the condensing tail it 
resulted that the supplementary fuel demand 
in 2020 is only 0.16 mil toe.  
   
5. Conclusions   
 
1. The continuation of the investment 
program in the field of hydropower is 
necessary because it meets the objectives in 
the energy strategy of the Government 

regarding the energy reliability and 
sustainable development. 
To promote the hydropower program it is 
necessary to find out solutions for reducing 
the investment and the achievement period, 
avoiding the financing of some auxiliary 
works for non-energy utilizations affecting the 
cost of electric power production (or drawing 
into the investment of the users of these 
utilizations). 
2. The efficient utilization of power reserves 
in large lakes is important for reducing 
electricity production costs in the NPS under 
the conditions of avoiding inefficient 
operation of thermal power plants with large 
units (200-300 MW).  
3. Due to its function of electricity transfer 
from dip to peak the Tarni�a PSHPP ensures: 
- the uniformity of the operation of 

condensing thermal power plants and the 
nuclear power ones with technical and 
economic implications upon the operating 
states and upon the efficiency of fuel 
utilization; 

- water saving in the large storage lakes 
with the possibility of power transfer from 
summer to winter; 

- reducing losses in the NPS electric 
networks, etc. 

By the short failure reserve function the NPS 
operating reliability increases.  
By its functions of rapid cast reserve and 
frequency-power control it ensures the 
increase in the quality of the electricty 
delivered and the efficient utilization of 
storage lake water.  
PSHPP Tarni�a is useful in the conditions of 
building wind plants with powers over 3000 
MW concentrated in certain areas on the 
territory of Romania whose probability of 
operation is uncertain depending on the 
weather conditions. The handling ensured by 
PSHPP Tarni�a in the NPS in these 
conditions will make it possible to save about 
2 mil. toe with corresponding with 
implications over the environmental impact. 
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Abstract:  The main objective of carrying out 
this work was the creation of a multi-criteria 
model analysis of optimal electricity balance 
of Romania in terms of primary energy mix 
used for electricity generation. The paper is 
part of a comprehensive thesis named 
"Contributions to the Elaboration of 
Strategies Regarding the Sustainable 
Development of the Romanian Energy 
Sector”. The motivation for choosing this 
theme comprises two main elements: first  
the need for substantiation of the energy 
sector development strategies using dynamic 
methods sensitive to legislative changes and 
secondly the need, that conception and 
implementation of a sustainable development 

strategies for the energy sector for medium 
and long term, to take into account technical, 
economic and environmental factors. The 
program "Eclipse" (based on the Java 
platform), is used to achieve a multi-criteria 
analysis of optimal electricity balance for 
Romania in 2020. The program has a large 
database for the environment (fuel life-cycle 
analysis for each life-cycle stage), technical 
and economic points of view. It allows 
numerous changes of parameters and the 
results can be viewed in real time. The 
program also allows the user to realize many 
simulations and interpretations of data that 
can be used in establishing the energy sector 
development strategy. 

 
Keywords: sustainable development, life cycle analy sis, multi-criteria model 
 
1. Introduction 
 
In this article the authors explain how to build 
a multi-criteria model and the results of using 
it as a model for analysing the optimal 
electricity balance in Romania up to 2020, 
from the point of view of primary energy mix 
used to produce electricity. 
The model has gone from setting the 
electricity needs for a particular year and 
then settled its coverage by alternative 
scenarios. For each primary energy source 
analyzed (natural gas, coal, uranium, 
biomass, wind, large hydro, small hydro), for 
environmental component it was applied the 
life cycle analysis method (LCA). We carried 
out an inventory, which identified the main 
pollutants for each primary energy source. It 
was developed, also, an environment impact  
assessment by which indicators were 
calculated for each impact class.  
In order to perform the technical and 
economic analysis, we started to determine 
the installed power required to produce a 
certain quantity of electricity for each primary 
energy source considered. It was calculated 
the costs of investment, the cost of operating, 

the cost of fuel and finally, calculate the total 
expenditure. To select the optimal scenario, 
the economic recovery cost was used as 
main criterion. 
Through this model the user can identify the 
optimal scenario for covering the electricity 
demand (balance) as from environment and 
technical/economic point of view.  

 
2. How to create a multi-criteria model 

 
The multi-criteria model was first developed 
using Excel. This allowed designing the 
multi-criteria model in simple manner. The 
steps performed in model design and the 
obtained result are presented in the following 
sections.  
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2.1  Defining objectives and the field of study 
 

2.1.1 Defining objectives: 
 

The main objective of the analysis was to 
develop a multi-criteria model that might be 
optimal load the electricity balance of 
Romania (in terms of primary resources used 
for electricity generation) in 2020, in terms of 
environmental, technical and economic 
criteria. 

 
2.1.2 Coverage of electricity demand in 2020: 

 
- The way for establishing the electricity 
demand: 
The program allows setting the electricity 
demand every year. For this particular case, 
we will determine the particular needs of 
electricity in 2020. It has been defined taking 
into account the primary and final energy 
scenarios realized in other work using the 
MAED model (model analysis of energy 
demand). The MAED model, as it was built 
realized six possible scenarios for primary 
energy and final energy. Of the scenarios 
made, for further development we chose the 
scenario under which the final electricity 
consumption in 2020 will be 6.3 million toe 
(73.3 TWh). The total electricity demand was 
calculated as the sum of the final electricity 
consumption, ancillary services consumption 
in networks and was obtained (taking into 
account specific documents for each 
parameter) value of 85 TWh in 2020 
perspective. 
- How to cover of electricity demand (the 
preparation of scenarios): 
To meet the electricity demand (85 TWh) we 
have established different scenarios that 
would achieve the electricity balance of 
different loading. In this article presents eight 
scenarios that coverage 85 TWh. The 
program enables by the user creating and 
other scenarios. In making these scenarios 

we considered technological restrictions 
(conditions imposed) the various international 
engagement assumed by Romania, and 
some programs being implemented with 
government support. 
Thus, as regards the nuclear chain it was 
considered that alongside the two groups in 
operation at Cernavoda will be completed 
two other groups with similar characteristics. 
In the period 2010 - 2020 we will install an 
additional gross power of 1,400 MW in 
nuclear groups and a total energy production 
of 11 TWh gross. 
Energy delivered into the system (net 
production) in these two groups will then be 
about 10.1 TWh. The total net production of 
nuclear energy of all four groups will be 20.2 
TWh. 
The Energy Strategy aims to build a fifth 
nuclear power, but this will be done in an 
unspecified future. Putting it into operation 
will take place with certainty beyond 2020. 
Under these conditions it has not been 
established to develop a nuclear scenario 
electricity generation. It was considered that 
developing nuclear energy is the same in all 
scenarios. 
In achieving scenarios we considered 
retirement program groups of the National 
Power Generation System established. 
Nuclear groups and small hydro power will 
not be retirement. 
Another restriction relates to compliance the 
engagement governmental to achieving an 
production of 38% of gross electricity 
consumption from renewable sources. 
According to the above gross electricity 
consumption in 2020 was estimated at 81 
TWh. 
We have thus achieved an output of 30.8 
TWh of electricity from renewable sources. 
Thermal energy is obtained by difference. 
Under these conditions the imposed structure 
of electricity generation is as follows: 
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 Table 1.  The structure imposed on electricity pro duction 
 

Total produc�ion, including: 85 TWh 
- nuclear 20.2 TWh 
- renewables 30.8 TWh 
- thermo 34 TWh 

 
Renewable energy sources considered are: 
large hydro, small hydro, energy from 
biomass and wind energy. The program 
enables the user to use other renewable 
sources. Thermo energy is studied for coal 
and natural gas. The program enables also 

the use fuel oil. By combining the ways of 
producing electricity from renewable sources 
and thermo resulted eight scenarios and the 
quantities of electricity made by each chains 
within each scenario are presented in Table 
2.

 
Table 2.  The amount of electricity carried by chai ns in the scenarios (TWh) 

 
Energy chaius S 1 S2 S3 S4 S5 S6 S7 S8 
Uranium 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2 
Large hidro 25 25 25 25 25 25 15.4 15.4 
Small hidro 0 0 1.2 1.2 0.5 0.5 0 0 
Biomass 5.8 5.8 4.6 4.6 0 0 15.4 15.4 
Energy wind 0 0 0 0 5.3 5.3 0 0 
Coal 17 25.5 17 25.5 17 25.5 17 25.5 
Natural gas 17 8.5 17 8.5 17 8.5 17 8.5 

  

- The technological solutions and life cycle 
stages 
From the variety of technological solutions 
from the literature we retained the following 
for the production of electricity taking into 
account the different primary energy sources: 
·    For natural gas (an inferior caloric power 
of  50,000 [kJ/kg]) as a technical solution 
gas-steam combined cycle without 
postcombustion with an efficiency of 55% 
was chosen. 
·  For coal (coal with an inferior calorific 
power of 27,000 [kJ/kg]) a technical solution 
was chosen circulating fluidized bed 
combustion with supercritical parameters, 
with an efficiency of 45%. 
·  For uranium nuclear power generation 
technology is considered that is based on the 
concept of CANDU reactor, which operating 
with indigenous natural uranium. The 
efficiency for production of electricity through 
this chain is 35.5%. 
·  For biomass (an inferior calorific power 
12,300 [kJ/kg]) we chose as a technical 
solution for the stationary fluidized bed 
combustion, with an efficiency of 30%. 
·  For the production of hydro energy in 
large plants using the Pelton turbine and 
hydropower production in small plants using 
the Kaplan turbine. 
·  Propeller-type turbines are used 
horizontal shaft mounted in "wind farms" to 
produce electricity from wind. 

For each life cycle stage related to energy 
chain we established the efficiency and were 
calculated masses of fuel needed at every 
stage. For the stages of construction and 
demolition for the power plant we did not 
considered the efficiency. These values are 
approximate. The program enables the user 
to change the values for the stages effiency 
and fuels with different compositions, which 
lead to other inferior calorific powers. 

 
2.1.3 Defining the field of study 

 
First we established the field of study of each 
energy chains that will be part of the energy 
scenarios achieved. Then, field study was 
realized for each scenario separately. Given 
that the functional unit is defined on the basis 
of three units: the function, time and product 
is considered as the functional unit: 
Romania's electricity needs in 2020 (85 
TWh). 
All scenarios are compared to this year's 
level. In conclusion, it will select the energy 
scenario which will cover energy needs with 
minimal environmental impact and minimum 
cost of production. 
For each scenario, electricity demand 
coverage in 2020 (85 TWh), we have made 
detailed study fields. For example the 
diagram shows the results for scenario 5 
(results from the analysis, Figure 1). 
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Figure 1.  The field of study for scenario 5 
 
2.2 Inventory Analysis 

 
First the calculation of emission was 
achieved for each life cycle stage of each 
energy chains, and ultimately obtained the 
emissions for each scenario. After 
establishing the functional unit at one TWh 
and efficiency for stages, starting from the 
inferior calorific power of each fuel we 
calculated mass of fuel required at each 
stage relative to the functional unit (FU). 
Reference Unit (RU) in this study 
represented the amount of fuel required at 
each stage to produce a TWh of electricity. 
Inventory of emissions to air was realised on 
ecosystems air, water and soil on each stage 

for each chain separately. They were taken 
from literature reference emissions for each 
chain. The unit is g/kWh. 
The stages of construction and demolition 
power plant chains of natural gas, coal, 
uranium and biomass were considered equal 
in terms of emissions. 
Each scenario is designed to produce 85 
TWh of electricity. 
The inventory analysis was performed for 
each scenario, the emissions are reported 
according to the contribution of each chain to 
produce electricity. The total emissions in 
each scenario are presented in Table 3. 
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Table 3. The pollutants for each scenario (thousand  t/scenario) 
 

Emissions S1 S2 S3 S4 S5 S6 S7 S8 
CO2 28,363 32,939 28,828 32,831 28,358 32,361 29,692 33,695 
CO 16.473 14.610 16.263 14.401 15.408 13.546 18.053 16.191 
NO 0.721 0.363 0.721 0.363 0.721 0.363 0.721 0.363 
NH3 2.224 2.883 2.182 2.841 2.020 2.679 2.562 3.221 
CH4 90.687 64.898 90.661 64.872 90.061 64.272 89.977 64.188 
NO2 82.082 102.867 81.096 101.881 77.149 97.934 89.682 110.467 
Praf 162.971 239.166 162.931 239.127 162.649 238.844 163.044 239.240 
Formaldehyde 
(CH2O) 

0.145 0.073 0.145 0.073 0.145 0.073 0.145 0.073 

COD 1.209 0.641 1.208 0.640 1.203 0.636 1.217 0.650 
SO2 123.727 177.447 123.346 177.065 121.775 175.495 126.587 180.306 
N2O 0.780 0.634 0.756 0.610 0.664 0.518 0.968 0.822 
Plumb 0.058 0.031 0.058 0.031 0.058 0.031 0.059 0.031 
Arsenic 0.003 0.004 0.003 0.005 0.003 0.005 0.003 0.005 
Barium 0.008 0.011 0.008 0.011 0.008 0.011 0.008 0.011 
Chromium 0.005 0.007 0.005 0.007 0.005 0.007 0.005 0.007 
Cobalt 0 0.001 0 0.001 0 0.001 0 0.001 
Copper 0.002 0.004 0.002 0.004 0.002 0.004 0.002 0.004 
Molybdenum 0,001 0 0 0 0 0 0 0 
Nichel 0.04 0.006 0.004 0.006 0.004 0.006 0.004 0.006 
Selenium 0.007 0.011 0.008 0.011 0.007 0.011 0.007 0.011 
Vanadiu 0.007 0.010 0.007 0.010 0.005 0.010 0.007 0.010 
NH4 0.399 0.597 0.399 0.597 0.399 0.597 0.399 0.597 
Hydrogen Chloride 
(HCl) 

1.229 1.229 0.984 0.984 0.039 0.039 3.183 3.183 

Hydrogen Fluoride 
(HF) 

0.004 0.004 0.004 0.004 0.004 0.004 2.413 2.413 

Nitric acid 0.002 0.002 0.002 0.002 0 0 0.006 0.006 
Isopren 123.172 123.172 97.732 97.732 0 0 326.692 326.692 

 
 

In quantitative terms, the emissions to air are 
much higher than those generated in water 
and soil ecosystems. The main pollutants in 
the scenarios are: CO2, dust, SO2, NO2, CH4, 
CO, NH3 and N2O. Although the values for 
other pollutants are insignificant, however, 
impact assessment should be realize to 
determine their influence on the environment. 
Regarding the maximum values of the main 
pollutants in each scenario the following 
aspects are distinguished: 

• In terms of carbon dioxide, dust particles, 
sulphur dioxide, nitrogen dioxide, scenario 8 
(biomass-coal scenario) has the largest 
quantity of emissions. 
• For carbon monoxide, methane the 
maximum values are recorded in the scenario 
1 (large hydro-gas scenario, 90.7 thousand 
t/scenario) and scenario 7 (biomass-gas 
scenario, 16.2 thousand t/scenario). 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

ISPE offers services including project management, consulting, design and 
technical assistance during execution and commissio ning 
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2.3 Impact Analysis 
 

Table 4. shows a comparison between the calculated impact indicators for each scenario. 
 

Table 4. The impact indicators for each scenario 
 

 
Impact indicators 

 
S1 S2 S3 S4 S5 S6 S7 S8 

ADP  
[t equivalent Sb] 

272,738 300,524 250,785 278,572 167,510 195,297 448,360 476,147 

GWP [thou.t equivalent 
CO2 ] 

31,083 35,516 30,968 35,401 30,457 34,890 31,883 36,316 

AP 
[t equivalent SO2 ] 

193,074 271,128 192,055 270,110 187,938 265,993 200,846 278,900 

PO CP 
[ t equivalent etylene] 

143,316 146,533 115,534 118,751 8,792 12,009 365,544 368,761 

EP 
[ t equivalent PO4

3-] 
11,760 15,044 11,617 14,901 11,047 14,331 12,867 16,151 

H TP [ thou t equivalent 
1.4 dichlorobenzene] 

817.495 997.400 816.181 996.087 810.817 990.722 827.372 1.007 

FAETP 
[t equivalent 1.4 
dichlorobenzene] 

13,171 18,141 13,171 18,141 13,175 18,145 13,165 18,135 

MAETP [ thou t 
equivalent 1.4 
dichlorobenzene] 

837,555 590,985 875,604 590,989 837,580 591,009 837,480 590,910 

TETP 
[t equivalent 1.4  
dichlorobenzene] 

5,744 6,601 5,744 6,601 5,744 6,602 5,744 6,601 

 
According to available data we can make 
some observations: 
�  In terms of the impact indicator "Abiotic 

Depletion Potential” (ADP), scenario 8 
presents the highest value (equivalent to 
476,147 t Sb) versus the lowest value 
recorded for the scenario 5 (equivalent to 
167,510 t Sb). 

�  In terms of the impact indicator "Global 
Warming Potential" (GWP), the highest 
value scenario is also found in scenario 8 
(36,316,272 tonnes CO2 equivalent), and 
the lowest in scenario 5 (30,456,539 
tonnes CO2 equivalent). 

�  Regarding the indicator "Acidification 
Potential" (AP), maximum and minimum 
values obtained in this study are 
equivalent to 278,900 tons SO2 (in 
scenario 8) and 187,938 tons SO2. (in 
scenario five). 

�  Regarding the indicator "Photochemical 
Ozone Creation Potential" (POCP), the 
values obtained in this study vary greatly. 
The minimum recorded in scenario 5 
(8,892 tons are equivalent ethylene), and 
the maximum scenario 8 (equivalent to 
368,761 tons ethylene). 

�  In terms of the impact indicator 
"Eutrophication" (EP) the scenario 8 
presents the highest value (equivalent to 
16,151 tons phosphate), while the 
minimum value is found in the scenario 5 
(equivalent to 11,047 tons of phosphate). 

�  Analyzing the impact indicator "Human 
Toxicity Potential” (HTP), we conclude 
that the EP as the indicator, the 
maximum value presents in the scenario 
8 (approximately equivalent to 1,007 kt 
1,4 - DCB) and the minimum value in the 
scenario 5 (equivalent to 811 kt 1,4 - 
DCB). 

�  The "Freshwater Aquatic Ecotoxicity 
Potential” (FAETP) shows the maximum 
(equivalent to 18,135 t 1,4 - DCB) in 
scenario 8, and the minimum value in 
scenario 7 (equivalent to 13,165 t 1,4 -
DCB). 

�  The "Marine Aquatic Ecotoxicity 
Potential" (MAETP) has maximum value 
equivalent to 875,604 t 1,4 - DCB in 
scenario 3 and the minimum value is 
recorded in the scenario 8 (equivalent to 
590 910 t 1,4 - DCB). 

�  For indicator “Terrestrial Ecotoxicity 
Potential” (TETP) scenarios 1, 3, 5 and 7 
presents the minimum value of about 6 kt 
1,4 - DCB equivalent and scenarios two, 
four, six and eight presents the maximum 
to about 7 kt 1,4 - DCB equivalent. 

 
 
 
 
 
 

 
2.4 Technical and economic analysis 
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Starting from the amount of electricity 
produced for each scenario we determined 
for each chain the power installed in each 
scenario for 2020. Taking into account the 
duration of the investment, the duration of 
exploitation and the duration of the study, 
were determined the investment costs, 
operating costs, fuel costs, resulting the total 

expenses. We used three cost scenarios 
eco-taxes. The table below shows the total 
expenditure eco-tax. It is noted that the 
scenario that requires the highest total 
expenditure is the scenario 7. The program 
allows the user to modify the values 
considered for eco-taxes. 

 
 

Table 5. The total expenditure with eco-taxes for t he energy chains and for the scenarios  
 

Total expenditure 
without/with ecotax 

S1 S2 S3 S4 S5 S6 S7 S8 

Total expenditure 
without ecotax [th Euro] 

4,397 4,305 4,005 3,913 2,500 2,408 7,531 7,439 

Total expenditure with 
minimum ecotax 
[th Euro] 

4,658 4,629 4,264 4,235 2,753 2,723 7,804 7,774 

Total expenditure with 
medium ecotax 
[euro/to] 

5,389 5,525 4,996 5,132 3,450 3,586 8,559 8,695 

Total expenditure with 
maximum ecotax 
[euro/to] 

7,745 8,616 7,335 8,206 5,720 6,592 11,044 11,915 

 
The economic cost recovery (Table 6) was 
chosen as the criterion of selection the 
technical and economic scenarios. This 
indicator is appropriate for these types of 

scenarios created, each producing the same 
amount of electricity. 
This indicator represents the minimum price 
at which electricity can be sold so as to cover 
all economic costs over the lifetime. 

 
Table 6.  The economic cost recovery for the scenar ios [Euro/MWh] 

 
Economic cost recovery 
(ECR) 

S1 S2 S3 S4 S5 S6 S7 S8 

ECR  without ecotax 
 

65.7 65.4 61.3 60.9 43.8 43.4 101.4 101.1 

ECR  with minimum 
ecotax 

69.2 64.3 64.8 46.7 46.7 47.2 104.7 105.1 

ECR  with medium ecotax 79.9 73.0 75.3 55.2 55.2 57.6 113.6 116.0 
ECR with maximum 
ecotax 

116.4 100.7 117.7 82.1 82.1 93.1 143.0 154.0 

 
Note that the minimum value for the cost of 
recovery scenarios are recorded in scenario 
5 (43.8 Euro/MWh) and scenario 6 (43.4 
Euro/MWh) which has very similar values. 
Program allows the changing the values for 
the duration of study and for the discount 
rate. 
 
2.5  Multi-criteria Analysis 
 
The previous performed steps allowed us to 
obtain information about energy chains used 

to create scenarios. Further, we will achieve 
global comparison between scenarios. 
Evaluations were normalized after each 
criterion and were established in the 
good/low class memberships. 
We obtained the normalized matrix (Table 7), 
based on which energy scenarios were 
evaluated by each set of criteria to finally 
obtain a global evaluation of energy 
scenarios. 
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Table 7.  The normalized matrix 
 

Impact indicators S 1 S2 S3 S4 S5 S6 S7 S8 
Ecological 

ADP [t equivalent Sb] 0.573 0.631 0.527 0.585 0.352 0.410 0.942 1.000 
GWP [thou.t equivalent 
CO2 ] 

0.856 0.978 0.853 0.975 0.839 0.961 0.878 1.000 

AP [t equivalent SO2 ] 0.692 0.972 0.689 0.968 0.674 0.954 0.720 1.000 
PO CP t equivalent 
ethylene] 

0.389 0.397 0.313 0.322 0.024 0.033 0.991 1.000 

EP [ t equivalent PO4
3-] 0.728 0.931 0.719 0.923 0.684 0.887 0.797 1.000 

H TP [ thou t 
equivalent 1.4 
dichlorobenzene] 

0.812 0.990 0.810 0.989 0.805 0.984 0.821 1.000 

FAETP [ thou t 
equivalent 1.4 
dichlorobenzene] 

0.726 1.000 0.726 1.000 0.726 1.000 0.726 0.999 

MAETP [ thou t 
equivalent 1.4 
dichlorobenzene] 

0.957 0.675 1.000 0.675 0.957 0.675 0.956 0.675 

TETP [ thou t 
equivalent 1.4 
dichlorobenzene] 

0.870 1.000 0.870 1.000 0.870 1.000 0.870 1.000 

Technical and economic 
Investment expenses 
(thou. Euro) 0.928 0.979 0.937 0.988 0.949 1.000 0.854 0.905 

Operating expenses 
(thou. Euro) 

0.942 0.972 0.938 0.969 0.925 0.956 0.970 1.000 

Fuel expenditure (thou. 
Euro) 0.563 0.548 0.508 0.494 0.299 0.284 1.000 0.985 

Economic recovery 
cost without cost to 
emissions of CO2,SO2 
and NOx  
( Euro /MWh – at “a 
“=discount rate = 8% 

0.856 0.886 0.842 0.871 0.771 0.801 0.971 1.000 

 
 
Normalization was performed for each value 
of this criterion in relation to the maximum 
value of that criterion. 
Referring to the environmental criteria, 
scenario 5 presents the highest value and is 

considered the best scenario, and scenario 8 
is the worst scenario (Figure 2). 
 

 
 
 

 
 

Figure 2.  The evaluation of energy scenarios using  environmental criteria 
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Regarding the technical and economic 
criteria, scenario 5 presents the highest value 
and is, therefore, the best scenario. The 
program also selects other two scenarios as 

the best scenario (scenario 6, with a value 
close to that of Scenario 5 and Scenario 7 
with a lower value) (Figure 3). 

 

 
 

Figure 3.  The evaluation of energy scenarios using  economic and technical criteria 
 

The evaluation results were represented by families of criteria set by a radar chart (Figure 4). 
 

  
 
 

Figure 4 . The global assessment of energy scenario s 
 

Observe the diagram above that scenario 5 
is the scenario that the highest values 
recorded in terms of family environmental 
criteria in terms of family economic and 
technical criteria, so scenario 5 is the optimal 
scenario. The overall assessment the 
technical and economic evaluation. We 
require that the solution always chosen to 
have maximum value for environmental 
criteria, an environmental criterion is decisive 
criterion in choosing the optimal scenario. 

 
 
 

2.6 Sensitivity analysis and robustness 
analysis  

 
The sensitivity analysis was performed taking 
into account both the change in the objective 
indicators (share of families of criteria, etc) 
and subjective indicators of change (fuel 
prices, introduction eco-taxes, the discount 
rate). 
The robustness analysis revealed that the 
chosen solution (scenario 5) remains the 
best because the optimal loading scenarios 
depending types of primary sources of 
energy is achieved at about the same 
proportion. 
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3. The structure and the results obtained 
with multi-criteria model using “Eclipse” 
 
In the previous chapter has presented the 
multi-criteria model as was done in Excel. 
Transposition was done in the "Eclipse" 
program (using Java) in order to quickly 
select an optimal energy scenario in detail 
using other values, where modification is 
done in a long time and with lower 
performance. Eclipse program offers an 
attractive graphical interfaces and database 
created multi-criteria model can be enriched 
by providing greater opportunities for 
simulation and interpretation of different data 
loads. 

The multi-criteria model developed consists 
of five modules, named after the steps 
necessary to achieve the program (and have 
been detailed in part 2 of article in the 
creation phase of the model), as follows: 

1.   Establishment of electricity demand; 
2.   Scenarios; 
3.   Life Cycle Analysis; 
4.   Powers, technical and economic 

calculations; 
5.   Evaluation scenarios. 

These modules are added to a home page, 
from which the user has direct access to the 
modules listed above. 
View the Module 1 "Establishment of 
electricity demand” is possible in Figure 5. 

 

 
 

Figure 5.  Module 1 "Establishment of electricity d emand " 
 
 

Module 2 "Scenarios" makes covering 
different amounts for each scenario with 
electricity of each scenario with power 
produced from primary energy sources to 
2020 (year of study in the article), but also for 

any desired year. The program developed 
allows the user to use for simulation other 
scenarios, which it creates. 
Viewing this module is done in Figure 6. 
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Figure 6.  Module 2 "Scenarios" 

           
Module 3 "Life cycle analysis” is very detailed 
and contains all the analysis done by 
applying the methodology LCA. 

In the next window we present the inventory 
analysis and the impact assessment on all 
scenarios (Figure 7). 
 

 
Figure 7.  The inventory analysis and the impact as sessment on all scenarios 
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The program allows the user to choose 
different fuel composition and other specific 
efficiency for each stage of the respective 
chains, but also using other reference values 
for emissions. Graphic comparisons can be 
made in terms of chains (total emissions of 

CO2, CO2 emissions without, figure 8), 
comparisons in terms of an impact indicator, 
but comparisons between chains (from the 
point of view of all indicators, except the 
"Global Warming Potential, in Figure 9). 

 
 

 
 

Figure 8.  Comparison between the chains in terms o f total non-CO 2 emissions 
 

 
 

Figure 9. Comparison between the chains in termsof impact classes, less GWP 
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Module 4 "Powers, technical and economic calculations” is detailed (Fig. 10), and was 
described in part 2 of the article. 

 

 
 

Figure 10.  The installed capacity and technical an d economic calculations 
 

Module 5 "Evaluation scenarios" made global 
comparison (ecological, technical and 
economic) for the scenarios achieved. You 
can compare any scenarios between them. 
This module is based on the evaluation 
matrix that includes ecological and techno-
economic indicators for each scenario. Matrix 
is then made to normalize the values of the 
evaluation matrix (figure 11). We calculated 
the class membership of good/low on 

environmental criteria categories, namely 
technical and economic (fig.12, fig.13). 
In the final I realized the global evaluation of 
scenarios both families of criteria, ecological 
and techno-economic. Evaluation is possible 
in the form of graphic (Fig. 14). 
We representation can make comparisons 
between scenarios (graph) in terms of 
emission recorded and in terms of impact of 
each indicator assigned to a scenario 
(Fig.15). 
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Figure 11. Assessment scenarios (matrices evaluatio n and normalization)  
 

 
Figure 12.  Assessment scenarios (class membership good/low as ecological criteria) 
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Figure 13. Assessment scenarios (class membership g ood/low as economic and 

technical criteria)  
 

Figure 14. Global assessment of scenarios  
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Figure 15. Comparison between scenarios in terms of  impact classes, less GWP  
 

4. Conclusions  
 

�  The implementation of this model 
enabled the identification of the optimal 
scenario to cover the balance of 
electricity in terms of environmental 
criteria and in terms of technical and 
economic criteria. 

�  Following analysis, scenario 5 is the 
optimal scenario to cover the electricity 
needs of 85 TWh in 2020. It was called 
"Wind – Natural gas Scenario. The 
loading of this scenario is as follows: 
- four nuclear groups, provide 20.2 

TWh; 

- wind energy provides 5.3 TWh; 
- large hydro provides 25 TWh; 
- small hydro provides 0.5 TWh; 
- thermo energy is achieved in equal 

proportion of coal and gas, each 
making one 17 TWh. 

�  Since the program supports changes to 
many parameters, it allows the user 
achieve many simulations and data 
interpretation (in a very short time) that 
can be used in determining strategies 
for energy sector development. 

�  The program also addressed to less 
initiated persons into multi-criteria 
model, encompassing a part of 
graphics makes it possible to interpret 
the data in an easier manner. It 
presents a tool that allows exporting 
data in Excel format. 
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Abstract:  The paper approaches the issue of 
the areas sensitive to floods.  
The assessment of these areas is performed 
by establishing the flooding limits by means 
of the simulation models of the water 
movement with the free surface, taking into 
account the influence of the hydrotechnical 
structures upon river flowing. 
In the paper the flooding limits were 
established in the hypothesis of permanent 
water movement on a branched system with 
the free surface, for the flowrates with values 
between 0.1 – 600 m3/s.  

To reach the proposed objective were used 
softs ArcGIS, both for preprocessing and for 
post - processing, the Hec-Ras for the 
modelling side and an ArcGIS extension, 
Hec-GeoRas, used for obtaining the input 
data in ArcGIS necessary in Hec-Ras. 
The results of the study performed include 
the flooding limits obtained on the area of the 
Buz� u hydrographic basin, as well as their 
spatial evolution according to the calculation 
flowrate. 

 
Keywords: flood, mathematical modelling, flood risk , flood limits 
 
1. Introduction  
 
The floods are the natural phenomena that 
produce the most spread  disasters  on earth 
and, at the same time, those generating most 
damage and human victims. The occurrence 
of floods cannot be avoided, however these 
can be managed, while the effects can be 
reduced by a set of measures and actions 
destined to contribute to reducing the risk 
associated to these phenomena. The 
unwanted consequences of the floods with 
human and material losses lead to the need 
for reducing losses.  
The evaluation of the flood risk areas is 
performed by establishing the flooding limits 
by means of the simulation models of water 
flow with free surface, taking into account the 
influence of the hydrotechnical structures 
upon flowing.  The evaluation of the flood risk 
areas is a frequently tackled issue nationally 
and internationally in speciality technical 
works, trying to find the best strategies and 
solutions in the field. 
The European approach regarding flood risk 
management, as a subchapter of the 
integrated water resources management, is 
performed according to the following 
directives 
·  The  Water Framework Directive 

(2000/60/CE), adopted on 23 October 
2000, setting a community policy 
framework in the field of water, aiming at 
reaching the sustainable water 

management in all the member states 
·  The Framework Directive on Floods 

(2007/60/CE) approved by the European 
Parliament on 23 October 2007, requiring 
from all the member states to carry out a 
preliminary evaluation until 2011, in order 
to identify the water course with flood 
risk, to draw up until 2013 the flooding 
and risk prone goods maps, and, at the 
same time, until 2015 to take adequate 
coordinated measures for reducing flood 
risks, by risk management plans in floods 
focused on prevention, protection and 
training. 

In Romania flood risk management is 
established by the methodological norms 
regarding the elaboration mode and the 
content of the maps of natural risk of 
flooding, as well as the National Strategy for 
risk management to floods. 
 
2. Establishing flooding limits iver a zone 
in the Buz � u hydrographic basin 
 
2.1 Basic data 
 
The flooding limits for a certain zone in the 
Buz� u hydrographic basin can be 
established by the mathematical modelling 
with specialty programs, and then all the 
results obtained will be integrated into a 

5 53 



 
                                                                                  we are powering your business 
 

  

geospatial database associated to a GIS 
system, for carrying out maps risk of flooding. 
The flooding limits in the studied area are 
determined indicating the flooding limits for 

water flowrates with values between           
0.1 ÷ 600 m3/s over a branch system with 
free surface, in permanent movement  
(Figure 1). 

 

 
Figure 1. Study area – Buz � u river hydrographic basin 

 
The study was carried out by using the 
following softs: ArcGIS, for preprocessing 
and postprocessing and the Hec Ras for the 
actual calculation part and the Hec-GeoRas, 
used for obtaining input data from ArcGIS 
necessary in Hec-Ras. 
The chosen river segment for this study was 
the upper flow of the Buz� u river found 
between the hydrometric station of Vama 
Buz� ului and Sita Buz� ului, and is 14.3 long 

km. This segment crosses the depression of 
Întorsura Buz� ului and gathers the waters in 
the mountainous area surrounding this 
depression: Întorsurii Mountains in the 
northwest, Ciuca�  Massif (where Buz� u river 
springs) in the south and Culmea T� tarului in 
the southeast (Figure 2). The localities in this 
zone are: Vama Buz� ului, Acri� , Br� det, 
Întorsura Buz� ului and Sita Buz� ului. 

 

 
Figure 2. 3D view upon the relevant area: Vama Buz � ului – Sita Buz � ului 
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For the hydrodynamic processing we used 
the following data: the digital model of the 
ground, data on the daily average flowrates 
and data on the floods recorded in 1991 and 
2005 on this river segment. 
The digital model of the ground was obtained 
by processing Lidar data in a raster format 
with the resolution of 2 m and with a 
precision of 25 cm. Upon determining it we 

used a buffer of 1.5 km on both sides of the 
Buz� u river on the chosen river segment. 
We took into account Buz� u river and the 
effluents of this chosen river segment, 
including from upstream downstream: Pârâul 
de Câmp, Acri�  2, Afini�  and L� d� u� i 
between the hydrometric stations of Vama 
Buz� ului and Sita Buz� ului (Figure 3). 

 
Figure 3.  Digital model of the ground of Buz � u river and its effluents 

 
The data on the daily average flowrates 
[m3/s] over the period 01.01.2001 - 
31.12.2006 were processed and maximum 
and minimum values were obtained for the 
daily average flowrates between these years 
in each hydrometric station, as follows: 
·  for the upstream station of Vama 

Buz� ului Qmax = 35.2 m3/s and Qmin = 1 
m3/s. 

·  for the downstream station of Sita 
Buz� ului: Qmax = 109 m3/s and Qmin = 
0.94 m3/s. 

From the data on the flood recorded in 1991 
and upon the flood recorded in 2005 for both 
stations, both upstream Vama Buz� ului and 
downstream Sita Buz� ului, it may be noticed 
that the highest flowrate in Vama Buz� ului for 
the flood in 1991 was 73.8 m3/s, and for the 
flood in 2005 it was 45.8 m3/s, and the 
highest flowrate in Vama Buz� ului for the 
flood in 1991 was 4.82 m3/s, and the flood in 
2005 was 6.5 m3/s. For Sita Buz� ului the 
highest flowrate for the flood in 1991 was 574 
m3/s, and for the flood in 2005 was 456 m3/s, 
and the minimum flowrate in 1991 was 5.79 
m3/s, and the flood in 2005 was 176 m3/s. 

On the left side of the Buz� u river, between 
the two stations, stretches the town of 
Întorsura Buz� ului and three localities: 
Br� det, Acri�  and Vama Buz� ului. Thus, the 
orthophoto image was used to locate and to 
view the permanent hydrographic network of 
the Buz� u river. At the same time, the 
orthophoto image was essential whenever 
the flood waves were analyzed and to assess 
the flooding limits. 
 
2.2  Analyzed scenarios 
 
To model the flow and establish the flooding 
limits for various values of the flowrates we 
chose a permanent movement state and 
introduced for the limit conditions flowrates 
with values ranging from 0.1 and 600 m3/s 
(Figure 4). These values for flowrates were 
chosen taking into account the data on the 
daily average flowrates and on those in the 
floods recorded in 1991 and 2005, where the 
flowrates took values ranging from 0.94 to 
574 m3/s. 
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Figure 4. Geometry of the model  
 
 
Thus, 4 scenarios were developed: 
 
·  Scenario 1 in which the simulation was carried out with low flowrates ranging from 0.12 and 

36.66 m3/s. 
·  Scenario 2 in which the simulation was performed with flowrates having values ranging from 2 

to 85.5 m3/s. 
·  Scenario 3 in which the flowrates get values ranging from 10 to 300 m3/s. 
·  Scenario 4 in which the simulation was performed for high flowrates with values ranging from 

70 to 600 m3/s. 
 

2.3 Results obtained 
 
In view of developing the four analyzed scenarios we obtained the flooding limts. For a better 
representation of the results and the identification of the flood prone zones we chose to view a 
detail in the analyzed river segment, namely the zone of the town of Întorsura Buz� ului. 
Thus, the results can be viewd in a longitudinal profile, as well as a cross, one, bi or three 
dimensional, and under the form of flooding maps of the analyzed zone. 
For the first analyzed scenario it can be noticed that, for the flowrates used in simulation, the 
flooding risk does not exist on the analyzed river segment (Figures 5 and 6). 
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Figure 5. Flooding limits for the first scenario 

 

 
 

Figure 6. Întorsura Buz � ului detail for the first scenario 
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In the case of the second scenario analyzed, it can be observed that, for the flows used un 
simulation, lead to higher levels than on the first scenario, but nevertheless the the flooding 
danger on the river segment analyzed does not exist (Figures 7 and 8). 
 

 

 

 
 Figure 7. Flooding limits for the second scenario  

 

 
 

 Figure 8. Întorsura Buz � ului detail for the second detail 
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In the third scenario analyzed, it can be observed that, for the flows used in simulation, on 
certain parts of the river segment analyzed, the risk of producing local floods occurs (Figures 9 
and 10). 
 

 

 

Figure 9. Flooding limits for the third scenario 
 

 
 

Figure 10. Întorsura Buz � ului detail for the third scenario 
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In the last scenario analyzed, we chose a 
much higher flowrate than those recorded to 
work with a higher insurance. It can be 
observed that, for the flowrate used in 
simulation, on the entire river segment 
analyzed, the risk of producing floods occurs. 

In the detailed zone, of Întorsura Buz� ului, it 
can be observed that a large part of the town 
is covered by water, therefore structural and 
nonstructural measures for defending against 
floods are necessary (Figures 11 and 12). 

  

 

 
Figure 11. Flooding limits for the fourth scenario 

 

 
 

Figure 12.  Întorsura Buz � ului detail for the fourth scenario  
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3.   Conclusions   

The water movement in branched systems 
with a free surface is subjected to the same 
laws (the continuity equation, the energy law, 
and impulse theorem) as well as the water 
movement with the free surface in unifilar 
systems. 
Hydrodynamic modelling obviously is directly 
influenced by the quality of cross profiles. 
The better rendered is the bottom of the 
riverbed, the more we can expect the results 
to be closer to reality. The use of the 
numerical model of the ground and of the 
GIS tools in extracting the profiles simplifies 
the operations a lot. Nevertheless, these 
tools are not infallible, as the extracted 
profiles have to be later checked one by one 
to avoid the intersections between profiles as 
well as the situations in which later the 
modelling might occur as flooded unjustified 
zones. Obviously also the frequency with 
which the profiles are collected counts, but at 

a certain time limitations might occur 
because of the working memory. 
Setting the calculation is extremely sensitive 
at choosing the initial conditions.That was the 
reason why at first we developed a short 
model, of the order of a few days with a very 
short time span (of the order of minutes). 
Undoubtedly the quality of the results is 
directly influenced by the quality of the 
available data. 
The simulation program used (Hec-Ras) is a 
strong tool as far as defining and establihing 
the flooding limit is concerned, with various 
advantages and disadvantages. HEC-RAS is 
and will remain for a long time the preferred 
engineer program with preoccupations in the 
field of one-dimensional flow modelling in 
river beds and channels in a permanent and 
nonpermanent regime due to the provided 
documentation, of the simplicity in usage but 
especially because is offered for free. 
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Abstract:  The removal and treatment of 
biological waste represents a major issue for 
industry. A wide range of organic substances 
from agriculture, pulp and sugar industry can 
be used by means of anaerobic fermentation, 
for producing biogas – a mixture of methane 
and carbon dioxide – that due to the high 
calorific power can be used as an alternative 
to fossil fuels. 

The engines firing biogas improve waste 
management by maximizing the use of an 
economic fuel. The present paper  proposed 
an analysis of the possibility of supplying 
partially or totally the 3 MW engines of the 
Ecogen Energy Buz� u with biogas that might 
be produced by using resources available 
nearby, for example, waste resulted from the 
sugar factory adjacent to the power plant. 

 
Key words: biogas, renewable energy, waste, engines  
 
1. Introduction 
 
According to the study Probiopol - “Biogas 
polygeneration for Romania” the estimated 
biogas potential that might be produced in 
Romania from fermentable waste is 18500 
million Nm3/year, with an energy content of 
111 TW that might supply about 6000 MWel 
in installed power producing 44 Twh_el per 
year. It should be mentioned that it is the 
theoretial potential available and the feasible 
technico-economic one, that might be lower 
than a half. 
Biogas is a mixture of combustible gases, 
decomposing into organic substances in a 
wet environment and lack of oxygen. The 
typical composition for biogas is 50-75% CH, 
25-50% CO2, 0-10% N2O, 0-1% H2, 0-3% 
H2S, 0-2% O2. 
Biogas results from the anaerobic 
fermentation of organic matter. As a 
metabolic product of the bacteria 
participating in the process, the necessary 
conditions are: lack of oxygen, a pH value 
between 6.5 and 7.5 and a temperature 
between 15 and 25oC (phychrophile), 25-
45oC (mesophile) and 45-55oC (thermophile), 
avoiding the delay factors, such as: heavy 
metal salts, antibioitics, disinfectants. The 
fermentation process lasts about 10 days for 

thermophile fermentation. 25-30 days for the 
mesophile one and between 90 and 120 
days for the psychrophile fermentation. 
The highest potential lies in the anaerobic 
fermentation process at temperatures about 
40oC. Through anaerobic fermentation, 
microorganisms decompose organic matter, 
releasing a series of metabolites, mainly 
carbon dioxide and methane. Depending on 
raw matter, the quantity of methane in biogas 
is 35-80%. The highest quantity of methane 
can be obtained upon the fermenting of 
animal remains, especially poultry 
complexes. 
The categories of organic materials fit as a 
biogas generation source include: 
1. Plant cultures with energy value - maize, 
Sudan grass, millet; 
2. Food industrial waste – waste from the 
processing and producing of food and meat; 
3. Domestic organic waste – waste from fruit 
and vegetal products collected separately; 
4, Organic and industrial waste – refuse 
resulted from cleaning gardens and parks 
that do not contain wood matter; 
5. Slurry – resulted from waste water 
treatment; 
6. Solid or liquid dung – from animal farms. 
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Figure 1. Fundamental circuit of a CHPP on biogas 

 
2. Describing the existing installation 
  
The main components of Ecogen Energy 
Buz� u, those that are the subject of this 
paper, are two General Electric engines – 
Jenbacher J620GS-E02 type that operate on 
natural gas. The present paper tackles the 

possibility of supplying to a single thermal 
engine on biogas, the reason being the lower 
electric power obtained because of the 
difference in calorific power between natural 
gas and biogas (Table 1). 

 
 Natural gas Biogaz 
Pel [kW] 3041 2425 
� el [%] 42.3 39.1 
Pth [kW] 3070 2743 
� th[%] 42.7 44.2 
� total[%] 85.0 83.3 

 
Table 1. Comparison between the performances of nat ural gas and biogas engines 

 
3. Potential biogas sources  
 

 

The agricultural specificity of the zone, Buz� u 
county having about 400000 hectares 
destined for agriculture representing two 
thirds of the total area of the county, 250000 
of which arable hectares, entails a better 
chance of obtaining biogas from plant 
cultures with a high energy potential, 
especially maize, rye or grain. 
Almost all plant cultures produce a specific 
quantity of residue and secondary products 
that do not have a market value or local 
uses. That means that a considerable 
quantity of organic waste is available each 

year (especially in summer and autumn) to 
be valorized through combustion or 
transformation into biogas. As this waste 
contains large quantities of wetness and ash 
it fits much better for transformation into 
biogas than for direct firing. 
Another potential source of biogas is the 
valorization of dung. In general the large 
animal farms in Romania face serious 
problems in meeting the European norms 
and standards referring to ensuring hygiene, 
environmental and animal protection within 
the farms, and that situation makes waste 
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recovery of animal waste a possible small 
“gold mine”. 
In Table 2 we present as an example the 
biogas production resulted from various raw 

matters available from agriculture and food 
industry.

 
No. Raw matter Quantity [m 3/tonne] 

1 Bovine dung 60 
2 Cereal 500-560 
3 Plant  blats 200-300 
4 Sugar cane pulp 50-70 
5 Poultry dung 130 
6 Pig dung 60 
7 Whey 50 
8 Fat 1300 
9 Glycerine 500 

10 Distiller's wash 180 
11 Vegetables 400 
12 Grass 500 

 
Table 2. Biogas production per tonne of raw matter 

 
4. Supply solutions 

 
 

Taking into account the location of the power 
plant, the possibilities of generating biogas 
from local resources as well as the example 
of other cogeneration plants on biogas in 
Europe, the equipping solutions are two. 
 
a)   A typically agricultural biogas installation 
by introducing a single maize/grass layer. 
This type of singular introduction is very 
popular among farmers, who anyway 
produce fodder for pigs and cows. 
Supplementary fodder production for energy 
use is thus profitable, if there is land on 
which these can be cultivated. 
Introducing a single layer makes biogas 
production safe and continuous. There is no 
need for refining the content of the layer. This 
way there occur less technical problems than 
in a co-fermenting installation. The rotation of 
the cultures can be used in such a way as to 
obtain two green biomass productions per 
year, which leads to a reduction in weeds 
and costs. This way two types of cultures 
grow, for instance, maize and sunflower or 
maize and grass. This method increases the 
quality of nutrients and stabilizes the 
production of cultures during droughty 
periods. The cost of manure is low as it is 
obtained as a secondary fermentation 
product. 
Due to the high content of dry matter feed 
pumps cannot be used for supplying the 
fermentation installations, as these are 
supplied with screw feeders. 

The second step also is equipped with 
heating systems, control valves, gas 
retention systems equipped with expanding 
dome. 
The temperature class used by this 
installation is mesophile and takes place in 
three primary parallel fermentation 
installations and a secondary fermentation 
installation sized as follows: 
·   main fermentation installation: 3 x 3700 m3 
·   secondary fermentation installation:  

1 x 5540 m3 

·   final storage tank: 2 x 5540 m3 

By using the biogas resulted it is likely to 
produce annually the electric power of 25000 
MWh. 
b)   A biogas installation operating 75% 
bovine liquid dung fermentation and 25% 
supplementary biomass as silo maize. The 
biomass feeding unit depends on the quantity 
of wetness contained in the rae matter, if that 
ranges between 85-98% it is pumped 
upwards while for a quantity of water of 75-
85% it is fed with screw pumps. 
Dung is pumped into a preliminary tank 
where take place the storage, heating and 
mixing by means of mechanical mixers. The 
layer is sent to the digestor 8 to 12 times per 
day. The digestor is a sealed tank built from 
reinforced concrete that in order to maintain 
an exact temperature it is provided with 
heating systems in the floor and side walls. 
Discharging the gas takes place at the same 
time with the charging of a new quantity of 
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biomass.  The gas capture tank is a 
membrane set above the digestor, has the 
property to filter ultraviolet light, is fireproof 
and made up of very elastic materials. Its 
sealing is performed with air. 
From the tank the biogas is constantly 
conveyed to the cogeneration unit, or, 
according to the case, to the treatment unit. 
The temperature class used in this 
installation is mesophile and takes place in 
two primary parallel fermentation installations 
and a secondary fermentation installation, 
sized as follows: 
·  main fermentation installation:  2 x 4760 m3 
·  secondary fermentation installation:   
  1 x 2360 m3 
·  final storage tank: 2 x 6550 m3 
Besides the electric and thermal power 
produced this type of installation produces 
also manure that can be valorized. 
In both equipping variants, depending on the 
composition of the biogas obtained its 
purification might be needed before 
introducing it into the cogeneration unit. 
Of the procedures that biogas might undergo 
upon its going out the final tank we remind: 
a) drying – upon going out the tank biogas is 
often wet and hot, and in order to prevent its 
corrosion it has to be dry and cooled. A 
variant would be the conveyance to an 
underground tank or the cooling through 
compression. 
b) CO2 removal – CO2 reduction is a method 
very used to decrease the amoniac content. 
It can be performed by washing the gas, 
washing under pressure or adsorption. Other 
methods could be gas separation by 
cryogenation procedure at low temperatures 
or by membrane filters. 
c) desulphuration – can be performed by 
several methods: 

-     chemical absorption with Fe ions 
-    direct cleaning by introducing oxygen into 
the final tank. Sulphur hydrogen is turned into 
sulphur  that remains in the tank while the 
clean biogas is conveyed farther on. 
All the systems used for this procedure has 
to take into account that in the tank the 
sulphur concentration cannot be too high as 
the bacteria do not tolerate this substance. 
 
5. Conclusions 
 
Against the background of climate changes 
and energy policy, there is a higher demand 
for power production that this way are 
considered waste or that require costs to be 
removed, is an ever more popular solution. 
Besides, as compared to the environmental 
benefits, the increase in conventional energy 
prices and the ever higher management 
organic material waste requirements are 
supplementary arguments in favour of biogas 
production. As regards the solutions 
proposed for Buz� u power plant, besides the 
advantages presented above, the supply of 
biogas has also a series of rather important 
advantages. 
For the first supply solution the seasonal 
nature of maize cultures (summer-autumn) 
makes it feasible provided a raw matter 
supply can be assured in the periods without 
crops, possibly from the reserves obtained at 
harvesting. The second equipping solution 
has the disadvantage of requiring the 
existence of a relatively large farm nearby or 
an efficient gathering raw matter from the 
neighbouring zones. 
Economically, a rough estimation of 
installation restoration works is about 1-2 
million euros. 
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