Contents

Contents

ACKNOWIEAGMENTS ... ]
ADSIIACE. ... v
RESUMEN ... VI
RESUM . X
(07001 =Y o] (=SSOSR Xl
ADDreviationNS ........cooo e ————————— XVII
(07 1= o] 1= o LSOO PO PPPPPPPPPPPRPRt
[} (e To 18 T3 1T} o PSR OPPP 1

1.1, MOtIVaLION.......eeiieie e 1

1.2. AIM and ObJECHVES .....oeiiiiiiiie e 5

1.3. Thesis Organization .............oooiiiiie i 5

1.4. Materials and MethOds ..........coovviiiiiiiiiiie e 8
(0 1= o] 1= PO P PP OO PPPPPPPPPPRPPRt
U o] o= i o o I S 11

XMl



Contents

“Energy Self-Sufficiency Aiming for Sustainable Wastewater Systems: Are

All Options Being EXPIOred?”..... ...t e e 11
ADSIFACT. ... 12
KEYWOIAS ...ttt e e e e e e et e e e e e e e e e e nneeees 12
2.1, INtrodUCHION ...uviiiiecee e 12

2.1.1. Energy Options for Sustainable WWTPS........c.ccoccooiiiiinennnee 15
2.1.2. RESEAICN SCOPE....iiiiiiiiii ettt 17
2.2. Key Performance Indicators Applied to WWTPSs........cccccviiveeeeeinns 19
2.2.1. Data Search Applied to WWTPS.........c.cccvvviiviiiiiiiiiiiiiiiiivnnns 19
2.2.2. Energy KPISs: SEleCtioNn .......c..evveiiciiiieeiciiiee e 20
2.3. KPIs Applied to Real Case Studies .........cccceeeiiiiieeiiiiiieecieeeeeee. 23
2.3.1. Hydropower Application to Wastewater Systems: Real Case
SHUAIES . 23
2.3.2. Energy Self-Sufficiency and Hydropower Contribution at WWTPs:
ENergy Profiles ... ... oo 32
2.4, CONCIUSIONS ...eeeiiiieeieeciiieeee et e e a e e e e e s s eeaaaeeaaaans 36
(01 F=T o] =1 g PRSPPI
PUBIICatioN 1 ... 38
“Hydropower Technology for Sustainable Energy Generation in Wastewater

Systems: Learning from the EXperience” ..., 38
Y 01 1= o S 39
KEYWOIAS ...ttt e e e e e e e e e s st e e e e e e e e e ennnsnnees 39
3.1 INtrOAUCHION ... 39

3.1.1. Management Models and Renewable Energy Strategies in the
Wastewater INAUSTIY...........eei e 42
3.1.2. Hydropower Technology for Energy Generation in Wastewater
OS5 (=] 1 1 PP 43
3.1.3. AIm Of This StUAY ... 44
3.2. Materials and Methods ............coooiiiiiiiiii e 45
3.2.1. Methodologies for Hydropower Potential Assessment at
Wastewater Treatment Plants..............oooi i 45

3.2.2. Real Case Studies of Hydropower Applied to Wastewater
£ (T 0 4 RSP 52

XV



Contents

3.2.3. Analysis of Methodologies and Comparison with Real Cases ..52

3.3. Results and DiSCUSSION ........cocuiiiiiiiiiie e 53
3.3.1. Analysis of Real Case Studies Profiles..........ccccccceeiviiiiinnnnnnn. 53
3.3.2. Analysis of Real Case Studies Performance.............cccccveeee... 62
3.3.3. Proposed Approach to Adapt Hydropower Assessment

Methodologies to the Sustainability Framework ............ccoocooiiiiiiieenee. 64
3.3.4. Challenges, Limitations and Further Research ........................ 68

3.4. CONCIUSIONS ....eiiiiiiee e 70
APPENAIX A . 71

(0 gF=T o] (=Y o PO
Publication ... 79
“Exploring Options for Energy Recovery from Wastewater: Evaluation of
Hydropower Potential in a Sustainability Framework” .............cccccoiiiiiiinnen. 79

ADbStract.........oo 80

KEYWOIAS ...ttt 80

4.1, Introduction ... 80

4.2, Literature REVIEW ........coiiiiiiiicieeeeee et 82

4.3. Materials and Mmethods ..........coooiiiiiiii e 83
4.3.1. Methodology OVEIVIEW .........ceviiieieiiiiiiiiiiee e 83
4.3.2. Hydropower potential determination (Step 1) ......ccccceevevinnnenn. 85
4.3.3. Multi-criteria analysis in a sustainability framework (Step 2).....85

4.4, Results and diSCUSSION .........cccceeiiiiiiiiice 90
4.4.1.CaSE StUAY .. 90
4.4.2. Technical assessment of hydropower potential (Step 1)........... 94
4.4.3. Global assessment in a sustainability framework (Step 2)........ 96
4.4.4. Sensitivity analySiS........ccciiiiiiiiiiiie e 108
4.4.5. Integration of methodologies in sustainable management of

wastewater SYSIEMS ... o 111
4.5, CONCIUSIONS ...ttt 112
Appendix B. Supplementary Materials .........c.cccccvveeeiiiieeeiciiie e 114

(0 g F=T o] (=Y g PR

XV



Contents

Results and DiSCUSSION .......coiiiiiiiiiieee e e e e e 126
5.1. Contextualization stage .........ccccoiiiiiiiie e 129
5.1.1. Wastewater Treatment Plants: Energy Demand and Renewable
ENergy OpioNS. ... ..o 129
5.1.2. Hydropower Technology Applied to WWTPs: Real Case Studies
.................................................................................................................. 130
5.2. Methodology development stage ..........cccccviiiiiiiiee i 140
5.2.1. Step 1: Hydropower Potential (Technical Assessment).......... 140
5.2.2. Step 2: Sustainability Framework (Global Assessment) ......... 145

5.3. Practical application stage.........ccocceeriiiiiiiii e 149
5.3.1. Step 1: Assessment of Hydropower Potential (Valencia Region)
.................................................................................................................. 152
5.3.2. Step 2: Assessment in a Sustainability Framework (Valencia
(=T [T o OSSPSR 154
(01 F=T o] =1 PRSPPI
(7] o Ted (U= (o] = 3PSO RRRRTI 160
B.1. CONCIUSIONS ....oeeiieeiiicieee et e e e e e e e 160
6.2. Future ReSearCh ... 165
(O3 37T ) (=] SRRSO
REFEIENCES ... i e e e 167

XVI



