POLITECNICO DI MILANO
DEPARTMENT OF ENERGY

SCHOOL OF INDUSTRIAL AND INFORMATION ENGINEERING

MASTER OF SCIENCE IN
ENERGY ENGINEERING

JOINT USE OF PRODUCTION- AND
CONSUMPTION-BASED ENERGY
ACCOUNTINGS FOR COUNTRY ENERGY
ASSESSMENT

Graduation Dissertation of:
Rafael J. Forcada

N° 859300

Supervisor:
Prof. Emanuela Colombo

Tutor:

Dr. Matteo V. Rocco



Contents

R | 01 £ {0 [ Tox 1 o] o SRRSO 33
1.1  Efficient use of energy resources at national Ievel .............c.ccocooeiiiiiiiiiiicee 33
1.2 The energy aCCOUNTING ISSUE ......ccviverieiteeiesiecteeieste e e ste s e sre e sre st besre e e besneeneenee e 36
IR R O oY1= Tot 1= S S 37
1.4 SEructure Of the theSIS. ..o s 38

2 BenChMArKiNg PrOCESS.......couiiiiiiiitiiieiiesieee ettt 41
2.1 Stakeholders identifiCatioNn ...........ccooviiiiiiiiiie e 42
2.2 Action areas identifiCation ..........cccooieiiiii e e 43

2.2.1 ENErgy SUPPIY CNAIN ..ottt 43
2.2.2 CrOSS CULLING ISSUBS ...ttt ettt bbbttt bbbttt 44

3 ENErQY ACCOUNTINGS ...cviiieitiicie ettt sttt ste et te et te e be e e s e e staenesreesreeeesneenneas 47
3.1 Consumption Based & Production Based ............ccccoceviiiiiiiiieiiciesec e 47
3.2 THEOIEUICAI BASIS....c.viieiieiiiiiiiiiie ittt ettt sttt 48

3.2.1 Production Based Energy Accountings (IEA Standards). ........cccocevvevveiiiiiiiie s 48
3.2.2 Consumption Based ENergy ACCOUNTINGS .....c.vevveiieiieiierie e sie s steeste e et srae e e e eneas 51
3.2.2.1 Origin of Energy Embodied in Consumed Goods and SErvices .........ccocvovevverenererersennenn. 55
3.2.2.2 Decomposition of Embodied Energy consumed by a productive Sector ............ccccooevveennen. 57
3.2.2.3 Decomposition of Embodied Energy on final demand............ccocoovveniiiiinniiinieee, 60

3.3 Supply and demand sides 0N CBA and PBA ..o 61
3.3.1 Supply and demand 0N PBA. ..ot 61
3.3.2 Supply and demand Side 0N CBA .........ooi ot sra e re e 62
3.4  Joint use of PBA and CBA: The whole Energy metabolism paradigm ...................... 63
34.1 Lo o L g T=T (o |V Y- T OSSR 64
3.4.2 COUNTIY ENEIGY IMAD ..ottt sttt b ettt e b e nbe e e bb e e sraeenbbe e 66
3.4.3 NALIONAI SECLOT IMAP ...ttt ettt eb e sttt b b e 67
3.5  Energy trades and energy dependency Aegrees ........cccovvevereiieeiesiesieeneseesie e seesieseeas 69
3.6 Energy Metabolism analysis: Steps and Application guidelines ............cc.ccoccvenenenne 71
3.6.1 Approaches SUMMANY (CBA) ....ooi ettt ettt e 71
3.6.2 Methodology GUIAETING ......c.eiiiie bbb 72

4 Study Case: ATICA TEA ..o 77
4.1  Study Case: Africa Benchmarking ProCess. .........ccccooiiiiieiiiiiie e 77
4.2 Analysis and conclusions on benchmarking process ..........cccooevevieeienienieeneneee e 77

31



4.3 Study Case: Africa Energy ANalYSiS ... iiiiiiiie e 80

5 Conclusions, achievements and fULUIrE WOIKS .......ooooovereiieeeeee ettt 109

6 Annex A: Result of Benchmarking process for Africa .........ccccccoocevvevieiicvieiecnnn, 111

7 References

32



