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1. INTRODUCTION

- In this article the authors explains 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 analysed (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.

- It was calculated the cost 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.
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2. HOW TO CREATE A MULTI-CRITERIA MODEL

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 to 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

- For this article, we will determine the particular needs of electricity in 2020. 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.

- To meet demand the electricity (85 TWh) we have established different scenarios that would achieve the

electricity balance of different loading. 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. Under these conditions the imposed structure of electricity generation

is as follows:

The structure imposed on electricity production

Total production, including: 85 TWh 

- nuclear         20.2 TWh 
- renewables        30.8 TWh 
- thermo        34    TWh 
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- 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 the table.

The amount of electricity carried by chains in the scenarios (TWh)
Energy 

chains  

S1 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 

 

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, next figure).
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The field of study for scenario 5
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2.2. Inventory Analysis

- 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 the

table.

 
E m issions 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 

Dust 162.971 239. 166 162. 931 239. 127 162.649 238.844 163.044 239.240 

F or maldehyde 

(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 

L e ad 0 .058 0.031 0.058 0. 031 0. 058 0.031 0.059 0.031 

Arse nic 0 .003 0.004 0.003 0. 005 0. 003 0.005 0.003 0.005 

B ar ium 0 .008 0.011 0.008 0. 011 0. 008 0.011 0.008 0.011 

Chr omium 0 .005 0.007 0.005 0. 007 0. 005 0.007 0.005 0.007 

Cobal t 0 0.001 0 0. 001 0 0.001 0 0.001 

Coppe r 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 

Nickel 0 .004 0.006 0.004 0. 006 0. 004 0.006 0.004 0.006 

Se lenium 0 .007 0.011 0.008 0. 011 0. 007 0.011 0.007 0.011 

Vanadium 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 

Hydr oge n 

Chloride (HCl) 1 .229 1.229 0.984 0. 984 0. 039 0.039 3.183 3.183 

Hydr oge n 

F luor ide  (HF) 0 .004 0.004 0.004 0. 004 0. 004 0.004 2.413 2.413 

Nitr ic acid 0 .002 0.002 0.002 0. 002 0 0  0.006 0.006 

Isopr en 123.172 123. 172 97.732 97.732 0 0  326.692 326.692 

 

The pollutants for each scenario (thousand t/scenario)
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2.3. Impact Analysis

The table shows a comparison between the calculated impact indicators for each scenario.

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 

POCP [t equivalent  ethylene ] 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 

HTP [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 [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 
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2.4. Technical and economic analysis

- 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 total expenditure with eco-taxes for the energy chains and for the scenarios [million Euro]

 T o ta l  e x pendi tur e 

w i tho ut/w i th ec o ta x  
S1 S2 S3 S4 S5 S6 S7 S8 

T o ta l  e x pendi tur e 

w i tho ut ec o ta x   
4 , 3 9 7 4 ,3 0 5 4 , 0 0 5 3 , 9 1 3 2 ,5 0 0 2 , 4 0 8 7 ,5 3 1 7 , 4 3 9 

T o ta l  e x pendi tur e 

w i th mi ni mum e co ta x   
4 , 6 5 8 4 ,6 2 9 4 , 2 6 4 4 , 2 3 5 2 ,7 5 3 2 , 7 2 3 7 ,8 0 4 7 , 7 7 4 

T o ta l  e x pendi tur e 
w i th medi um e c o ta x   

5 , 3 8 9 5 ,5 2 5 4 , 9 9 6 5 , 1 3 2 3 ,4 5 0 3 , 5 8 6 8 ,5 5 9 8 , 6 9 5 

T o ta l  e x pendi tur e 

w i th ma x i mum 

ec o ta x 

7 , 7 4 5 8 ,6 1 6 7 , 3 3 5 8 , 2 0 6 5 ,7 2 0 6 , 5 9 2 1 1 , 0 4 4 1 1 ,9 1 5 

 
- The economic cost recovery was chosen as the criterion of selection the technical and economic scenarios.

The economic cost recovery for the scenarios [Euro/MWh]

 
E co n o m i c  c o st  

re co v e ry ( E C R ) 

S 1 S 2 S 3 S 4 S 5 S 6 S7 S 8 

E C R  w it h o u t  

e co t a x 

65.7 65.4 61.3 60.9 43.8 43.4 101.4 101.1 

E C R w i t h  

m i n i m u m  e co t a x 

69.2 64.3 64.8 46.7 46.7 47.2 104.7 105.1 

EC R w i t h  m ed i u m  

e co t a x 

79.9 73.0 75.3 55.2 55.2 57.6 113.6 116.0 

E C R w i t h  

m a x i m u m  e co t a x 

116.4 100.7 111.7 82.1 82.1 93.1 143.0 154.0 
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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 class memberships good/low.

- We obtained the normalized matrix, based on which energy scenarios were evaluated by each set of criteria 

to finally obtain a global evaluation of energy scenarios.

The normalized matrix

 
CRITERIA  S 1 S 2 S 3 S4 S 5 S 6 S 7 S 8 

Ecol ogi cal  

ADP [ t  eq u i val en t  Sb]  0.573 0.631 0.527 0.585 0.352 0.410 0.942 1.000  

G W P  [ t h ou .  

t  eq ui val ent  C O 2] 
0.856 0.978 0.853 0.975 0.839 0.961 0.878 1.000  

AP  [ t  equ i val en t  S O 2] 0.692 0.972 0.689 0.968 0.674 0.954 0.720 1.000  

P O CP  [ t  equ i val en t  et hy l en e]  0.389 0.397 0.313 0.322 0.024 0.033 0.991 1.000  

EP  [ t  eq ui val ent  P O 4
3-
]  0.728 0.931 0.719 0.923 0.684 0.887 0.797 1.000  

H TP  [ t h ou.   
t  eq ui val ent  1, 4 -

di chl orob en zene ]  

0.812 0.990 0.810 0.989 0.805 0.984 0.821 1.000  

F AETP  [ t  eq u i valen t  1,4 -  
di chl orob en zene ]  

0.726 1.000 0.726 1.000 0.726 1.000 0.726 0.999  

MA ETP  [ t  equ i val ent  1, 4-  

di chl orob en zene ]  
0.957 0.675 1.000 0.675 0.957 0.675 0.956 0.675  

TETP  [ t  equ i val en t  1,4 -  

di chl orob en zene ]  
0.870 1.000 0.870 1.000 0.870 1.000 0.870 1.000  

Tech n i cal  a nd  eco nom i c  

Invest m en t  exp enses  

( t h ou . Euro)  
0.928 0.979 0.937 0.988 0.949 1.000 0.854 0.905  

O perat i ng ex penses  

( t h ou . Euro)  
0.942 0.972 0.938 0.969 0.925 0.956 0.970 1.000  

F uel  exp en d it ure  
( t h ou . Euro ) 

0.563 0.548 0.508 0.494 0.299 0.284 1.000 0.985  

Ec onomi c re cove ry c os t  
w it hout  cost  t o  emi s s i ons  
o f  CO2.  SO 2 and  NO x 

( Euro /  M W h)  (at  
“a ” =d i sc ount  rat e = 8 %)  

0.856 0.886 0.842 0.871 0.771 0.801 0.971 1.000  
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- Referring to the environmental criteria, scenario 5 presents the highest value and is considered the best 

scenario, and scenario 8 is the worst scenario.

- Regarding the technical and economic criteria, scenario 5 presents the highest value and is, therefore, 

the best scenario. 

The evaluation of energy scenarios using environmental criteria

The evaluation of energy scenarios using economic and technical criteria
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- The evaluation results were represented by families of criteria set by a radar chart.

- Observe the diagram above that scenario 5 is the scenario that the highest values recorded in terms of family 

environmental criteria and in terms of family economic and technical criteria, so scenario 5 is 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.

The global assessment of energy scenarios
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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.
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Module 1 “Establishment of electricity demand”
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Module 2 “Scenarios”
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From Module 3, The inventory analysis and the impact assessment on all scenarios
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From Module 4, The installed capacity and technical and economic calculations
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From Module 5, Global assessment of scenarios
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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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