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Dr. Jacangelo is a Vice President and Director of Research for MWH. He has

27 years of experience in the field of environmental health engineering, and has
specialized in the areas of water quality and treatment, water and wastewater
disinfection, membrane technology, renewable energy and public health. He has
served as Technical Director, Principal Investigator, Project Manager or Engineer
for over 80 water and wastewater projects. He has published over 100 technical
papers and holds various positions within professional organizations such as
American Water Works Association and the International Water Association.

Dr. Jacangelo is also an adjunct faculty member at the Johns Hopkins University
Bloomberg School of Public Health. In addition, he is the Chair of the Board of
Directors for the WateReuse Research Foundation and a past board member of the
American Water Works Association. Dr. Jacangelo served three years as a Peace
Corps Volunteer in the Republic of the Congo.

PowerPoint Presentation http://wrri.nmsu.edu/publish/watcon/proc56/Jacangelo.pdf
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Commitment to

Research
$42 Million since 2001

Study Goals

@ To develop a comprehensive knowledge-base
with the most updated developments in energy
minimization and renewable energy
techniques.

@ Prepare a guidebook based on the relevant
practical lessons learned by global
researchers, organizations and utilities.
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Background

@ The generation of energy is the single largest source
of green house gas (GHG) emissions.

® Optimizing the energy of desalination and reuse
processes has become a critical component in
addressing energy consumption.

@ |Increasing renewable energy resource (RES)
utilization and reducing GHG emissions has become
an important goal for water utilities and agencies.

Project Summary

> Collect information on energy

Literature R . .
. minimization strategies, technological
Review .
advancements and economic analyses
; (Water Research 45: 1907, 2011).

> Document information on process,
implementation strategies, regulation
and policy.

Utility Survey/
Case Studies

1

Guidebook
Development

» Provide information to utility and
policy makers.

Promising New Desalination
Technologies
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Benefits of Renewable Energy Sources

@ Renewable energy is carbon neutral
@ Abundant resources

@ Underutilized

@ Decentralized facilities

@ Ability to create new employment
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FO/RO Hybrid: Osmotic Dilution of Seawater Challenges of Renewable Energy
Sources
ot e
‘; i @ High capital costs
e
—1 . @ Local/region dependent
- Tmm . .
st @ Often require new infrastructure
o @ Requires funding and incentives
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Renewable Energy Utilization

Established Renewable Energy
Technologies

20
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Wave Energy Questionnaire Objectives

Treatment process description

Energy consumption for utilities using conventional
energy source

Energy consumption for utilities using renewable energy
5, GHG emissions and tools used for quantification

e N Economic evaluation for integrating renewable energy
2 . and implementation of energy efficient strategies

0 @ Regulation and policy for energy management

Wave Esargy Luvels (Kl of Wava Frong)
WR_CCRINpowETET nokigies.com

Camegie ‘Waier Energy Limied
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Utilities Participating in Study
Permeate Energy
Capacity Feed TDS,
Type of Plant End Use TDS, Consumption,
MGD g/l el byt
Feuse 1 0 W, IPR 850 ) L2
Reuse ? n | e 551 ® nas
Utility Case studies Seawater Desalination 1 ® oW [37500-40000 <200 36
Snawater Desalination 2 bk o 28,700 Tk a3
seawater Desalination 3 a8 o 40,500 < &0 35
Seawatar Desalination 4 EL] ow 35,000 < 170 35-3%
Seawater Desalination 5 5 ow = 28500 < 380 L]
Brackish Desalination 1 35 ow 2300 <320 054
Brackish Desalination 2 8 ow 2,000 <150 1
28
29 32
. . Energy Consumption of Various Components
Survey Questionnaire of a Seawater Desalination Plant Participating in Study
[—— -}

Component Energykmf:ammlon,
Raw Water Pumping 0.39
Pretreatment & Desalination 2.865
Post Treatment 0.012
High service pump station 0.3
General (Buildlings. heating, 0.04
cooling)
Total Energy Consumption 3.607

29
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Reported Energy Minimization Strategies o
Reported Renewable Energy Utilization Lessons
@ Energy efficiency of pumps monitored (purnp efficiency @ Feasibility study essential before implementation at the
curves) to determine if the pumps and motors are utility scale.
operating close to the best efficiency paint (BEP). ® Footprint requirements for installation of solar PV reduced
@ Older pumps and motors replaced with newer premium by installing solar panels on existing concrete tanks.
efficiency models. @ Grid integration for solar PV panels improved by utilizing
@ VFDs installed to control motor speed. several inverters in parallel to provide continuous power
@ Smaller RO trains and larger high pressure pumps utilized supply.
for seawater desalination. @ Government funding and support from utility board was
® ERDs (pelion wheel, pressure exchangers) for seawater key in the implementation of renewable energy resources.
desalination were installed in the first pass. ® Risk shared in delivery of renewable energy: third party
@ ERDs (turbochargers) for brackish water desalination were utiized ta provide independent risk assessment.
installed between the first and second stage to operate as ® Specialized staff required within utility during the design
a booster pump. and implementation phase.
33 38
34 37
Renewable Energy Employed by Utility Participants
Type of Plant "’E":;‘:;’" pluse st onsite/ofshte | Funding/incentives
Onsite - Grid Southern California
Reuse 1 solar P 0% Connected Edison |
. ., |Energy Soving Fund (NSW
Reusa 2 Cogeneration 20% Eé':r::e;i;d Dept. of Env. ond Climate
Change]
Seawater Desalination 1 ‘Wind 100% 00?1:12-0:1:‘1 Fovernment G u i d e boo k
Offsite- Grid Energy Soving Fund (NSW
Seawater Desalination 2 Wind 100% Dept. of Emv. and Climote
Connected
Change)
Seawater Desalination 3 Naore [4:9 - -
Scawatar Desalination 4 Mane -1
Seawater Desalination 5 MNaone O - -
Considering
Bracklsh Desalination 1 Con:::lteurr:uon % Onsite Solar ot etermined
| PVCSP
Brackish Desalination 2 Cun:::::liun [VE9 O::::I:\:I::Ii\.' Mot Determined .
35 38

Challenges for Utility Participants

Plant Type ROI ‘ Funding ‘ Footprint ‘Intagﬁltiun Permitting
Reusel _ | + | _ _ +
Reuse2 _ + + _ | +

Seawater Desalination 1 - + + + +
Seawater Desalination 2 + + + +

Seawater Desalination 3 NO RENEWABLES UTILIZED

Saawatar Desalination 4 NO RENEWABLES UTILIZED

Seawater Desalination 5 MO RENEWABLES UTILIZED

Brackish Desalinatian 1 ? ? ?

Brackish Desalination 2 + ks ?

“+ " indicstes favorable condition”
* " indicales® NOT vorable condilion®
¥ indicates ‘NOT evaluated” 3

The Purpose of the Guidebook is to Answer the
Following Questions

® Whatresources are available as a utility manager to
reduce energy consumption and implement renewable
energy resources?

@ What are the strategies available to reduce energy
consumption in an existing or newly proposed plant?

@ How are energy efficiency and GHG emissions monitored?

® What are the steps required for implementing renewable
energy?

& What are the renewable energy technologies available for
implementation at a large scale?

@ What are the funding options available?

@ What are the challenges involved during implementation of
renewable energy resources?

38
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Components of the Guidebook
Implementation of Renewable Energy Resources
(Contents of Chapter 4)
@ Chapter 1: Introduction @ Determination of resource availability.
& Chapter2: Planning @ Available options for financing and incentives.
& Chapte_r 3: Implementation of Efficient Energy ® Commercial technologies available.
Strategies . .
@® Chapter4: Utilization of Renewable Resources ¢ Il'eaqu rene:]wa:ble anerg;f prm:dzrs. deration |
@ Appendices — Utility Surveys and Literature Review ¢ ;:S?;atg;pa; Oi-engesan mefhods, consideration for
L1 Important information ® Handling resource variability.
¥ Further resources and tools @ Permitting approach and requirements.
38 42
40 43

Implementation of Energy Efficient Strategies
(Contents of Chapter 3)

@& Distribution of energy consumption through treatment
processes.

@ Design strategies for energy minimization during
design of seawater/brackish water/advanced water
treatment processes.

@ Pumping strategies for energy efficiency.

@ Selection of energy minimization components for
treatment processes.

@ Strategies to reduce energy consumption with HVAC
and lighting.

@ Implementation of energy efficient strategies.

40

Example: What you need to know while
selecting solar PV cells (Contents of Chapter 4)

Parameter Description
Percentage of solar energy falling on
Cell efficiency PV cells that is converted into

elecirical energy
Combination of cell efficiency
laced into a module
. Chatpart in kilowatt hours (kK'Wh) over
Energy yield .
time
Typical module
size
Common types of  Paly Crystalling, Mono Crystalling,
modules Adnorphous Silicon (thin filim)
Poly Crystalling - 44 vears, Moo
Module lifetime  Crystalline - 50 years; Amorphous
Silicon - 20 years

Module efficiency

175 = 200 Watt: 3 feet by 5 feet

43
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Example: What you need to know while
selecting ERDs (Contents of Chapter 3)

CriterionDerice Peitea Wheel Reverse Rumaing Tarbe Daaster Pressure or Wark

Tarhine Turbine Pump Pamp. Exchanger
:‘ﬁ;’:ﬁ::’ Yar Yea eu s
Proven Tecknology
for bigh salinity s i Tts s
zpphications
Footial Exergy
Sovings (Relative bdedium Low to Medium Low High
50 sk other)
Capital Cost
[Relsiive toeack  LowtoMediom  Low bo Medium Low High
otber)
i Coets
Rackative o ek Law Low Low Beadium 1o High
oiher)
Efficiency . .
(Rebnion ro e MO (B0 Lo I Maliin ot ot i 939 0 87%)
st 0%} (75% 10 B%)
Lficiency Larve - o Skpes dovtmard
shape Wik Viric at low fows Flst
Efficiency - . ;
hmgins Proqyy BTy rodis  Effcimsy redones Effcimy redoces
e - b Vhfownie when fownie  whea fowrie Modee impact
- -~ chenges from chempes from chempes from o perfomaes
’rdd::':m":: esign gesini design goini design pusini
i o e e Abeut 2- 3%
System Complexity Low Low Low High a1

Example: What you need to know about financing
options available (Contents of Chapter 4)

@ Third-party ownership with a power purchase
agreement (PPA):

*  Provides utilities with the ability to benefit from renewable energy
service confracts while avoiding the risks associated with ownership.

*  The utility enters into a contract with the vendorfelectric company to
install & renewable energy system,

# The vendorelectric company deliver a set amount of power &l an
agreed price.

»  The third-party (vendor/electric company) is respansible for operation
and maintenance of renewable energy system.

o, o povireanpowarbuygplsclarsawar fim
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Resources Provided in the Guidebook Energy Usage-Reuse
kf“ Web links
- o T — Energy Use by Equipment Energy Use by Process
“ou will find infarmation an: 4
@  Peromming energy audits. %‘f‘.’ﬁf‘lﬁﬁ'ﬁﬁ o fiimes bk sindes o, Lo 1 oy g, s 8 SO — e
®  Best praclices for energy o m:“lw I T
effciency. by s —
e SotwareModeling toos o T o b frend s sheee e IR
energy aptimization and
renewsble energy
implementation. ‘The puidshook provide: & pln, 4o, chackand ac medod fof snags reonioring, saegs
mdmndalnnd may mpeasal b pubboatibn Ao ol e piddedante
@ GHG emissions manitaring and Soaradin e abavy e inke
management tools Eniry bl aidebiad o vl il adhe )
#®  Financing options available for CImECOTE T 033 Lut sl el 14,30 e e
renewable energy The peidebock proe i Jp——
Implementation. g R AR AT W Ol o
o s dtibi i, ooy e il ca e fomd i . thome
@  Information on vendors providing ik 8 P th t
state-of-the-art energy reduing Sefrcereroaizfor gy affeimey beepracsrar B umps Gonsume e most energy.
fechnologies and renawable e et e e S b, ot 1
energy equipment s @
46 49
Summary Energy Recovery-Brackish Water Desalination
@ The evolution of renewable energy sources and
development of novel processes and materials
will continue to impact energy usage and
production of GHG emissions.
@ There are many common drivers, operational
technigues and challenges for energy
optimization or use of renewable energy sources
irespective of source water and end use. A SR TEREry e
@ A guidebook was developed to provide Energy recoverylinterstage booster pump in
information to utilities, designers and one device.
olicymakers interested in implementing ener Low Pressure TurboCharger (LPT) reduces
P N Y . . P 9 9y the required boost to the high-pressure pump.
optimization strategies and renewable energy ) )
technologies. Zero energy cost for intarstage pumping.
48 49
47 50
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51 54
Components of Energy Minimization
Energy Usage and
Minimization Strategies e —
MI:Ir:nErghn
52 55

Energy Consumption — 50 MGD Seawater
Desalination

RO Systemn —
1%

(9.6 KiWhkgal) B

Product Water Delivery
B %

Pretreatment — (0.8 KWhikgal)

11 %
(1.5 kWhikgal)

i Intake - 5 %
[~ (O7khiga)

357 EWhm3

“oulchkow. IDA Energy Conference, 2010,

52

Established Energy Minimization Techniques

#_ Enhanced system design: Use of hybrid elements
E {nanofiltration, brackish, seawater), interstage
boosting, use of permeate from front-end elements to
) I fead second pass. Reduced aenargy consumption = 5
=12%.

Vourkchkow, IDW Enany
Camarencs, 2010

@ High efficiency pumping: Use of vanable frequency
drive (VFD), pramium efficiency metor, larger capacity
pumps, operation at BEP, regular energy monitoring
and maintenance.

@ Energy recovery devies: Usa of turbo-chargers and
pressure exchangers. Reduced energy consumption
~ 30— 50% (combining with high efficiency pumping).

AW NEINTRICVEY.LOM
55
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Fostiraatment 0.3

Energy Usage-Desalination

Highszreice: pemp station 2.3%

(rhars 8.0%

Others1.1% R it
pumping
5%

Postireacnent 3.6%

Rt it
puTging
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Pratreatmnt

g 23%

Seawater

Brackish Water

® High Pressure pumps consume the most enargy.
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Process for Developing a Renewable Energy Project

Daclsbon Polnt Az Inltlate the Analysk

2. Project any adistivesl
s nepds and time frame

3, Consider decirad

1. Agsess current and
T [ CRFATI TSRS

Ojected NRnEy usage

Decizion PointB: Go/No-Go far Full Analysis

h 4

Declslon PalntC: Select technology, desired ownership, financing strucsure

[ A Onesites Self-ownad

FEELAL: TR ‘ L. Off it porwsr purchass

= and cperated —

N~ N7 ~7

I 5.ijc:tﬁn.-mci.-.ls,pcrmitling,I i E. Estimate type, quantity, |
I 7. Facility issuas bidding ] I 7. Negotiate and sign FRA ]
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Future PV Technology Highlights

d electron

= Better efficiency

‘Quantum Dots: Improved efficiency

Lead selenide

absorb the sun’s anergy and
{ransfer hot elecirons to the
likanium oxide,

2

MFEL, 2011

wiew.schnEmowhOge o

Organic PV: Ultra low-cost flexible
medules
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