- system design &

~ management

= Donny Holaschutz, SDM’10 & inodu cofounder
= Jorge Moreno, SDM’11 & inodu cofounder

= Carolina Gomez, Sustainable Development Divisi
Ministry of Energy, Chile

May



From left: Jorge Moreno, SDM '11; Donny Holaschutz, SDM ’10; and
Carolina Gomez

Jorge Moreno and Donny Holaschutz, Cofounders, inodd; SDM Alumni

Carolina Gomez, Sustainable Development Division, Ministry of Energy, Chile
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« The social challenges created by water use at thermoelectric facilities
« Summary of associated policy and regulatory initiatives in Chile
1. The process
2. The results
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« Interesting Analysis and Insights Gathered During Guide Definition Process

« Highlights of Guide

«  Work in Progress
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Why was the Ministry of Energy interested in studying good
practices for water use at thermoelectric plants?

Ml | Sdm Leadership, Innovation, Systems Thinking




The Challenge: Environmental impact on marine environment from the lack
of technology which minimizes adverse environmental impacts and the
operation of cooling water systems in thermoelectric power plants

Presentaran una denuncia por hallazgo de
langostinos en pozos de termoeléctrica
Santa Maria de Colbun

04042013 La acusacion sera interpuesta por Ias algueras y orilleras de Coronel, en conjunto con el
senador Algjandro Navarro, por las toneladas de estas especies marinas que aparecieron en los charcos
de la empresa ubicada en el sector Playa Negra de la comuna minera.

Ml Tsdm




The Challenge: Environmental impact on marine environment from the lack
of technology which minimizes adverse environmental impacts and the
operation of cooling water systems in thermoelectric power plants

Cientos de jaibas aparecieron muertas en
la caleta Lo Rojas de Coronel

ARTURO PARDOW R.

16.02.2012 Segun los vecinos, la mortandad se deberia a los residuos vertidos por las termoeléctricas .
Bocamina | y I, Santa Maria y Colbun. 0 una denunCla por h‘?llazgo de
| ; en pozos de termoeléctrica

a de Colbun
-vﬂ'-':”‘ &
- ra interpuesta por las algueras y orilleras de Coronel, en conjunto con el

por las toneladas de estas especies marinas que aparecieron en los charcos
P 5 S R ;*I sector Playa Negra de la comuna minera.
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The Challenge: Environmental impact on marine environment from the lack
of technology which minimizes adverse environmental impacts and the
operation of cooling water systems in thermoelectric power plants

Termoeléctrica Bocamina paralizada totalmente por masiva succion de

Cientos de jaibas aparecieron recursos marinos
la caleta Lo Rojas de Coronel |

osted on 30 enero, 2014 by El Ojo Ciudadano Chile
ARTURO PARDOW R. - .

16.02.2013 Segln los vecinos, la mortandad se deberia a los residuos ve
Bocamina | y I, Santa Maria y Colbun.

BN Anticipandose a la clausura de Bocamina I que pidid al superintendente de
S \iedio Ambiente la fiscal a cargo del proceso sancionatorio contra la
termoeléctrica, Endesa informo que procedio a suspender su operacion. La
medida, con la paralizacion de Bocamina II desde el mes pasado, deja a la
termoeléctrica en Coronel con un cese de operacion total.




The Challenge: Environmental impact on marine environment from the lack
of technology which minimizes adverse environmental impacts and the
operation of cooling water systems in thermoelectric power plants

( "3 umcu e ameson | CAMiNa paralizada totalmente por masiva succion de

1 \egocios

14 by El Ojo Ciudadano Chile

CAPACOAD INSTALADA EN L SIC

ambiental de central termoeléctrica.
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de central Bmam_ina I marginales en el SIC, aunque no

habria problemas de suministro.

AL Ao/, Ketler m-w.—m.u- dad, ¢l recero habta sido  ambentalla qee certifique  CENTRAL T que prencindlr de exaca-

I por b Corte de o L3 unicad puede woguer packdad, Creo qae hay gue
E= fallo dividido —con un mamm Arm-. operando. "En los temax
woto de minoria- la Tercera I*Mnmm dx.ﬂntmdm ambantaksy de menicn

bracar
wabaarar ba debtictades qae

Sala dv b Coote cla la = eneTgla, bemeoa dado o exten abservasdo. x ge-
b Seprerts- I ufiaz, Hector Car nan IITIERTIA, PrECiRImeste en neracion trpoctante pars

tendencia de Medio Am- yGoets que rrusyterer lon comton de eer-

blerne (SMA) L dechidn de mmdwtbﬁu wwum evamoconfundoes L su- s hajor”, 4o Sursder.

Bocamina Ly 8 omtzaks 3 ::v.nmm'n: mA‘-;rnnn _d;a-u-h:: 'm mﬂ I N . g e .
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1. The process: The Energy Agenda
established in 2014

* Pillar N°1: New role of the State:

AGENDA DE ENERGIA — "We will support the development
UN DESAFIO PAIS, PROGRESO PARATODOS of specific regulations and
instruments for the sector, in
order to improve the
environmental performance of
energy projects."

— "One of the Initiatives in this line
IS to develop studies which
regulate withdrawal and
discharge of the cooling water of
thermoelectric plants."

M | | Sdm Leadership, Innovation, Systems Thinking
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1. The process: ENERGY 2050 —
Chile’s Energy Policy

ENERGY 2050

CCCCC 'S ENERGY POLICY

VISION AND PILLARS OF THE POLICY

RELIABILITY INCLUSIVENESS COMPETIVENESS SUSTAINABILITY

PILLAR 4

ENERGY EFFICIENCY

PILLAR 2

ENERGYASA

PILLAR 3

PILLAR 1

ENVIRONMENTALLY-
FRIENDLY ENERGY

QUALITY AND

SECURITY OF SUPPLY AND ENERGY

EDUCATION

DRIVING FORCE FOR
DEVELOPMENT

Ml | Sdm Leadership, Innovation, Systems Thinking
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1. The process: Environmentally friendly
energy (Pillar N° 3)

"Energy infrastructure which
generates low environmental
PILLAR 3 Impact. Impacts should be first
avoided, then mitigated and finally
compensated, considering energy
development and its implications in
air, land, marine and inland water
ecosystems.”

ENVIRONMENTALLY-
FRIENDLY ENERGY

Ml | Sdm Leadership, Innovation, Systems Thinking 13




1. The process:

First Study was
developed in year 2014

Ml Tsdm

‘nodu

TECHNICAL, ECONOMIC, REGULATORY
AND ENVIRONMENTAL ANALYSIS OF
THERMOELECTRIC POWER PLANT
TECHNOLOGIES AND THEIR COOLING
SYSTEMS

REPORTE PREPARADD PARA-

19 g Diciembre, 2044

Leadership, Innovation, Systems Thinking
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1. The process:

Second Study was
developed in year 2015

Ml Tsdm

nodu

PROPOSAL OF ENVIRONMENTAL
REGULATION FOR WATER USE IN
THERMOELECTRIC POWER PLANTS’
COOLING SYSTEMS AND OTHER INDUSTRIAL
PROCESSES THAT WITHDRAW AND
DISCHARGE WATER

PREPARADD PARA-

10 g Diciembre, 2049
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sdmpulse fall 215 sdmmtedu

Assessing Regulatory, Environmental,
Economic, and Technical Components
of Sustainable Energy and Water Use
in Thermoelectric Facilities in Chile

Editor’s nofa: The following = a summary of a study parfomed for the Chilean Energy Ministry with
the support of the Ministry of the Enviionment. The authors would ke fo thank the Ghilsan Enargy
Ministry and Ministry of the Envircnment for supporting this proiect.

The challange: Watar use at thermoelectric facilities presents a complex systams problam for
several reasons:

+ To operate safely and efficiantty, the facilities need large amounts of water, yat watar
supplies are limited,

The social and emironmenial impacts of water use ane becoming ncreasingly significant
wondwide; and

A complex sef of relationships exisis among the overal emironmental, economic, and
social impacts of water use; how water is withdrawn from its source; how it is used at
faciities; and how it is returmed to the ervironment.

The most significant water usa at a tharmoalectric facility is associated with the coaling
process, which in turn is tightly coupled to the overall parformance and reliability of the plant.
An adequate amount of water for tha plant’s cooling system leads to a more enargy-efficiant
thamoalectric faciity—one that produces less atmospheric emissions par unit of aloctricity
genarated. This relationship creates an important tension in the design or upgrade of a plant's
cooling system betwean water use and performanca.

Any cooling system design must consider a vanety of factors, including:

* |ocal smironmental conditions and geography, including access to and avaikability of
weatar,;

+ the ecosystems of the source body of watar,
* local social contexd; and
* how specific system byproducts—such as water flow at the intake and the temperatune

of the water efiuent—might strass tha source body of water.

Inodi weorked with the Chilean Enargy Ministry and the Minisiry of the Emvironment to identify
and address some of the challenges posad by water use at thermoalectric facilities in Chile by
conducting a preliminary assessment of the cument regulatory, emironmental, economic, and
technical situation. This assassmant helped address the following goals prasented in tha
Chilaan Energy Ministry's Energy Aganda:

+ supporting the sustainable development of thermoelectric generation projects;

Leadership, Innovation, Systems Thinking
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Workshops and other activities

1. Workshop in Valparaiso and a
visit to a power plant, October
2015.

2. Technical meeting in Valparaiso,
November 2015 with General
Direction of the Maritime Territory
and Merchant Marine,
Undersecretariat of Fisheries and
Aquaculture, Ministry of the
Environment and Ministry of
Energy.

3.Workshop with Mexican experts
in Santiago, November 2015.

4. Workshop in Concepcion,
November 2015

l\/ll | Sdm ‘ Leadership, Innovation, Systems Thinking 17




1. The process: Stakeholders

Government Services: * Ministry of the Environment

* Undersecretariat of Fisheries and
Aquaculture

* Ministry of Economy

Ministerio de
Obras Pablicas

« Ministry of Public Works

Gobierno de Chile

 General Direction of the Maritime

@ : .
Ve P L\ Territory and Merchant Marine

SMA

» Superintendence of the Environment

M | | Sdm Leadership, Innovation, Systems Thinking
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1. The process: Stakeholders

Private Sector:

/f ‘\ Generadoras de Chile

1
\\ / energia que nos mueve

(@olbﬂn endesa

chile

Grupo Enel

e ——

(9aes Gener o\ Gie

Ml Tsdm

Association of Generators of Chile
Colbun

Enel

Aes Gener

Engie

Leadership, Innovation, Systems Thinking
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1. The process: Stakeholders

Ministry of Enerqgy:

Ministerio de
Energia

Gobierno de Chile

Sustainable Development Division

Legal Division

Project Management Unit
Security and Energy Markets Division

Energy Regional Ministerial Secretariat of Antofagasta,
Atacama, Valparaiso and Bio Bio

Ml Tsdm
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2. The results: Guide with good practices for the
use of cooling water at thermoelectric power plants

GUIA DE BUENAS PRACTICAS en el uso
de agua para refrigeracién de centrales
termoeléctricas

Indicative guide aimed at
reducing impacts on marine
biota by the withdraw and
discharge of water from
thermoelectric plants

%

Division de Desarrollo Sustentable
2016

M | | Sdm Leadership, Innovation, Systems Thinking 21




2. The results: Proposal of a compulsory

regulation

Alimisterio _.|
Energia 0
L o i
OF, ORD. m7'1 _
ANT; Mo hary

MAT: Ervia resultaos de os esbedion que indica
referidos 2 ks impactos asochados a la
caplisitn de apua y MECAINSMOS ER Su
regulacin.

SANTIAGD, 08 ABD 2016

OF: UMEMS WSRA QUILODRAK
SAUBSECRETARLA DE EHERGIA

& RAQLSONICO G,
SUBSECRETARID OF PESCA Y ACLICULTUSA

banbe con saludarks, ¥ en el meroo de bos deberes de coordinacidn ¥ alickn:
dir los drgarce de by soministracion del Extado, por modis del geents s
renultados de dos estudics realizadios por et Secretarnia de Fitado derante los sfios 201
referidos a matenas oo comgabinga de s servicio

La Politica Enerpética de Chile - Energia 2050 = devarrolinds por aste Misisteno, s=fals gue o
cracimiznin del secior eaargitico die del culdado del medoamsioete. En cse
contewts y reconccendo lod g L] por ez cenirales Sevmoslicircas § obras
Industrias que ssccionan aguea de fuenbes raturales en sus procesos indetriales, la Divisidn de
Dasariclks Sustpmable del Minivieno de Energla lidtd dos estudios denonminaios “Amiced esses
Ienicos, econdmicon, normatios y ambientales de tecnolingies de cantralin Sermoslctnicas y mes
sistemnas de refriperacien” v “Fropuista die pequlscidn ambiental para sistemas de refrigemacidn de

CErkraks tEMMOEIGOIricas ¥ LIS Cler que SUCCionen sgua v 48SCargan A Curos de Jpsa en 555
procescs indusiriakes”.

Dichos estudics contann oon al apigs de contrapsries fecnicas del Departamento de Pesgueria y
de ki Divisidn luridica & b Sulnecretsris de Pesca v Acukcultors, del Minsterio de Modo
Amnbimnte, i Deeccidn General de Territoric Maritimo y Marina Mercants, b Superintisdinca de
Serarios Saniterios, & Ministerio de Dbvas Piblicas, &l Misislerio de Feonamia, Fomentn y
Tunsmo, la Asocackdn Gremial de Generaderis v empresss genersdores de energly, Fatas
nsHbeciones han Estado invitadas & imsalucradis en distisgas instancias, v se3 como contrapartes
da bos emudion, partcipeda de oy talems de dfusion de Yalparako y Concepoion, taler wmn
experios mescancs ¥ reunones de coordinacide y presentacidn e resultados.

Ledk dsludion tes wefislainy. legan 3 la conchesion que, para proteger a ks especies ¥ MeCumsos
ridrebishigeos, asi coma sus ecosistenas, de los impactes asoclados a b ssccdn de agsas an
groceiny. ndustnales, ressha convenients regular los mecanismos asociades o caplacidn da las
apuas, enfocade 2 esta noMatkva a lis induwsdnias gua reticen al menos 7500 m'fdia de sgua de
Cursns naturales superficiales, incorparands criderics tales como;

& Ouet la sekccidn del erplimmisntno de s cemral, balances aspechos ambientales, tcnicos ¥
BeOndricnn

s OQue los sstemas o caplaciin de agua cuanten com la mejor tecnologia ¥ practics de
Cperacion dspanibie para minmizar ol frgo @ imgacio smblental derivado del atrapamiemo
 awmabre de recursas hidrobiokgioos

Ml Tsdm

Ministerio del
Medio
Ambiente

Gobierno de Chile

Subsecretaria
de Pescay
Acuicultura

Gobierno de Chile

Ministry of the Environment can't
regulate, because they regulate

pollutants x

Undersecretariat of Fisheries and
Aquaculture can regulate through
Fisheries Law

One of the objectives of this Law is:

“The conservation and sustainable
use of hydrobiological resources
through the application of the
precautionary approach, an
ecosystem approach to fisheries
regulation and the safeguarding of
marine ecosystems where such
resources exist."

‘ Leadership, Innovation, Systems Thinking
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Water Use in Thermoelectric Facilities

Ml Tsdm

Type of Unit

ke

; Boiler
Steam
PRESEEEEEE >
Turbine
«---'

Smokestack

Coal Power Plant

ﬁ Heat Recovery
s Steam
TOBge ------ » Generator
H (HRSG)
« ; /—I
Gas Combiustion

Turbine Chamber  Compressor

CCGT Power Plant
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Water Use in Thermoelectric Facilities

Once Through : iz Boiler
Cooling System . !
. Turbing "
. - ! «---'
= g 5 5 A =
Condenser g

Smokestack

Coal Power Plant

Tt f : { Heat Recovery
Condenser i i Steam
VL = . Tubike --—---- Generator
[ TR !
P ‘ i ------
I — ;
Cooli ng Tower : Gas Combiustion

Turbi Chamber  Compressor
(Wet or Dry Systems) gine

CCGT Power Plant
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Water Use in Thermoelectric Facilities

Water Intake System

Water
Wells

H_

Underwater System

ﬁ.. ) Pumging

Coastline System

Pumpin

Pumpin,

Ml Tsdm

L

umping |

|
|
'
Il

Once Through
Cooling System

L

Condenser
1414t

Condenser
| &
\/\/\

Cooling Tower
(Wet or Dry Systems)

Type of Cooling System Type of Unit

Smokestack

Coal Power Plant

‘7 Heat Recovery
Steam Steam
Turbine ------ » Generator

: (HRSG)

Gas Combiustion
Turbine Chamber  Compressor

CCGT Power Plant
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Water Use in Thermoelectric Facilities
.

?g Pumgingi

= e
L g o : ’ Once Through

I
i

Cooling System

|
|
. X 1
Pumpin } '
: ]
|
|
|

Condenser

. Smokestack ' i /\/\/
Underwater System ; : :_/\/\/
; ; Coal Power Plant E

1
: _________________________________ e e e e o e e e e e e e P P P e e e e e e :
—) Pumpin, * E :
H i ;
. '
]
'

: I 2 ; v HeatRecovery
| ; Condenser | o Steam
L\ ' i . Generator
) ks . i Turbine ------ >
: - T (HRSG)
Coastline System ! el
s N T E --------
Pumping [(— Pumpin : | : :
Cooling Tower i Gss  Combiustion E
Water : | Turbi Chamber mpressor,
i i (Wetor Dry Systems) : Hroine :

CCGT Power Plant
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System Design & Operational tradeoffs: Complex interactions
driven by techno-economic, environemental, policy (environmental
& social), and social (facts & perceptions) requirements

Maintenability o Modularit
Water Use Safety Reparability y

Environmental Impact (Air Pollutants)

Water Withdrawal Sustainability

Water Consumption

Cost

Coastal Planning & Land Use

Efficiency of the Thermoelectic Power Plant

Environmental Impact (Impingement, Entrainment, Discharges)

Scalability Resilience _ |
Rubustness Environmental Impact (Noise)
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Water use in Thermoelectric Facilities in Chile

Groundwater Water Wells

'ﬁ Coastline
3,080 3,080 I 35,000
m3/hr mé/hr

- @

@ Water Source @ Water Intake Type Open
System

(m%hr)

Closed

h- Consumption Other Uses oﬁ System
3% 5% 4

u “ (m%hr)

@ Discharge Water Uses in
the Power Plant
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Differences in Geographical Context: The US Case

Facility Proximity Analysis:

30% the facilities have at least one
facility located at least 5 miles from
another facility

62% the facilities have at least one
facility located at least 15 miles from

another facility [Source: US EPA 2014]
Number of
Water Body Eacilities Percentage
River 349 52 %
Lake 134 20 %
Great Lakes 48 7%
Estuary 117 17 %
Ocean 22 3%

‘ Leadership, Innovation, Systems Thinking 30




Exclusion and collection technologies installed
In water intake systems in Chile as of 2016.
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Exclusion and collection technologies installed
In water intake systems in Chile as of 2016.

Installed Exclusion and Collecting Technologies Quantity

Travelling Screens 24
Trash Racks 27
Wedge-Wire Screens 2
Fish Nets 14

Fish Nets + Air Bubble Barriers
Rack on Siphon Intake

Fish Handling and/or Return Systems

l\/ll | Sdm Leadership, Innovation, Systems Thinking 32
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Key Impacts of Withdrawing Water

Entrainment

Impingment

To

Source

Industrial
Process

Key Metrics

34
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= Number of Individual (fish, Larvae, Eggs) Lost per Year
= Number of Adult Equivalent Losses (1-year-age) per Year

M|—|—s dm = Other metrics




Facility Design Parameters, Organism’s Biological Traits
and Population Behaviors which determine effects of
Impingement and entrainment

—

Population
Behaviors

N
Ny
()
§¥i
N
w
(¢))
§¥‘€1

‘74
o) el 1% &5 :
DU O : . !
% | OrganismsMeart
> o i @ Intake
Q JU 3

l

I
! @ Spawningfreas

I
' FishMigrationt
I

@ Patterns

Towards@hermoelectricFacilities .
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Facility Design Parameters, Organism’s Biological Traits
and Population Behaviors which determine effects of
Impingement and entrainment

EE=S e

Organism’sBiological Population
Traits . Behaviors

I
Head@apsule® |
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I
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Towards@hermoelectricFacilities .
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Facility Design Parameters, Organism’s Biological Traits
and Population Behaviors which determine effects of
Impingement and entrainment

—

EE=S e

Facility’s@esignl | Organism’sBiological Population
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Ml | Sdm Leadership, Innovation, Systems Thinking ‘ 37




The Fish’s Swimming Ability and its
Susceptibility to Entrainment

Length versus swim speed for each assemblage
250
*
200
)
£ u .
o
~ | |
>
S 150 - ¥
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¢ * * s = ]
3 x .
:-g X | | X l-
(0] X % X X X B X
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@ & u =
] X ->K X)E( ™
z ¥ .
A § i N K *©
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X
............................ gy
30 40 50 60 70
Adjusted average length (cm)
‘ + Atlantic coast ®Lake 4 Other ®Pacific coast XRivereastern
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[Source: Technical Evaluation of the Utility of Intake Approach Velocity as an Indicator of
Potential Adverse Environmental Impact under Clean Water Act Section 316(b). EPRI, Palo
Alto CA, 2000. 1000731.]
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The Larvae’s Morphological Variations and
Its Susceptibility to Entrainment

Probability of Entrainment through 2.0-mm Mesh

% fdid i b !4
100% -Fuis . ~—4-Bigeye scad

80% - - Blennies

60% - ~eCardinalfishes
== Damselfishes

40% -
e GODIES

20%

~®—Hawaiian anchovy

Probability of Entrainment

T - LB, e | ACK'S
143 5 7 9 11 13 15 17 19 21 23 25 27 31 33 35 = Lanternfishes

Head
Capsule |8/
Depth

[Source: HDR Inc. 2016 & T. Hogan 2015]

Ml | Sdm ‘ Leadership, Innovation, Systems Thinking

‘39




Agenda

« The social challenges created by water use at thermoelectric facilities
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« Alignment between International Best Practices and Chilean Regulation
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 Work in Progress
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Holistic Analysis of Regional Context - Assessed
Systemic Needs and Found Opportunities to
Promote Institutional Alignment
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Policy Benchmark: Best Practices in some OECD

Countries

Ml Tsdm

EPA
.
\’ 115 Environmental Protection Agency

Clean Water Act Section 316(b)

To reduce impingement and
entrainment of fish and other
aquatic organisms at cooling
water intake structures used by
certain existing power
generation and manufacturing
facilities for the withdrawal of
cooling water from waters of the
United States.

ENVIRONMENT

Water Framework Directive

Integrated Pollution Prevention
and Control Directive

Marine Strategy Framework
Directive

To establish a framework for
the protection of inland surface
waters, transitional waters,
coastal waters and
groundwater which:
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Policy Benchmark: Best Practices in some OECD

Countries

In US: Each State can
define particular
procedures and
requirements to apply
rule 316(b), for
example, regarding
entrainment impact
assessment and cost-
benefit analysis of
water intake
alternatives.

In EU: Member States
shall bring into force
the laws, regulations
and administrative
provisions necessary
to comply with this
Directive

\

EPA
.
\’ 115 Environmental Protection Agency

Clean Water Act Section 316(b)

Water Framework Directive

Integrated Pollution Prevention
and Control Directive

Marine Strategy Framework
Directive

Ml Tsdm

To reduce impingement and
entrainment of fish and other
aquatic organisms at cooling
water intake structures used by
certain existing power
generation and manufacturing
facilities for the withdrawal of
cooling water from waters of the
United States.

To establish a framework for
the protection of inland surface
waters, transitional waters,
coastal waters and
groundwater which:
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Policy Benchmark: Best Practices in some OECD

Countries

Specific requirements
defined in terms of
metrics that the
operator of the power
plant can directly
manage.

To reduce impingment
it prescribes 7
alternatives.

To reduce entrainment
it requires that the
Director must
establish the BTA
entrainment
requirement for a
facility on a site-
specific basis.

\

EPA
.
\’ 115 Environmental Protection Agency

Clean Water Act Section 316(b)

To reduce impingement and
entrainment of fish and other
aquatic organisms at cooling
water intake structures used by
certain existing power
generation and manufacturing
facilities for the withdrawal of
cooling water from waters of the
United States.
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Water Framework Directive

Integrated Pollution Prevention
and Control Directive

Marine Strategy Framework
Directive

To establish a framework for
the protection of inland surface
waters, transitional waters,
coastal waters and
groundwater which:
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* Interesting Analysis and Insights Gathered During Guide Definition Process

» Highlights of Guide

 Work in Progress
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A

013 s s 0 0 0 0Q 0 s
Cooling System for 260 Once through Cooling Tower Cooling Pond Air Cooled
MW Coal Plant Cooling Condenser
pAiAdA
1= 1 3
—
Intake or Siphon per meter per meter per meter $0
Withdrawal | submarine | k US$ 67 -133 per | k US$ 67 -133 k US$ 67 -133 $0
System System meter per meter per meter
Mejillones N/A M US$ 5,6 -6,5 MUS$7,2-8,7 M US$ 45,6 - 50,9
Installed
Cooling Quintero N/A MUS$5,7-6,7 MUS$79-9/4 M US$ 45,6 - 50,9
Corg%‘;rt‘e”t Quillota N/A MUS$5,7-6,7 | MUS$8,7-10,2 | MUSS$ 58,3 - 62.2
Coronel N/A MUS$5,7-6,7 MUS$6,3-7,8 M US$ 46,1 -51,4
18— 44 US$/m3 hr | 18- 44 US$/m3 18— 44 US$/m3
Condenser Cost " 8 .
*) hr (*) hr (*)
Cost of pumping system Cost of pumping system $0
Intake Protection Intake Protection Intake Protection
System cost System cost System cost
Water Use Permit Water Use Permit Water Use Permit Land Costs,

Other Significant Costs to
Consider

cost,
Development &
Engineering Costs,
Piping costs

cost,
Development &
Engineering Costs,
Piping costs

cost,
Development &
Engineering Costs,
Land Costs

Development &
Engineering Costs
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Once Through Cooling vs.

Cooling System

Closed Loop

Mejillones | Quintero | Coronel
Wetbulb Temperature (1%) 20 °C 18,5 °C 19,5 °C
Dry Bulb Temperature (1% Wet Bulb) 24 °C 24 °C 25°C
Relative Humidity (1% Wet Bulb) 70% 59% 60%
Water Avaliable Ocean Ocean Ocean
Water Quality 34,4 g/I 34,4 g/ 34,4 g/
Average Water Temperature 17°C 15°C 14°C
Power Loss for 10°C Temperature Increase 5.74% 6.15% 7.87
Power loss for 30 °C Discharge Temperature 7.05% 7.87% 9.51%

The conversion of a once through cooling system to a closed loop cooling system for an
ocean location power plant imposes significant costs in terms of performance, operation,

and, ultimately, cost of electricity.

Ml Tsdm
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Recommended a Once-Through Cooling System

with a Properly Designed Intake which Minimizes
Adverse Environmental Impacts

A Once-Through Cooling System located in the Chilean Coast

with a Properly Designed Intake and which Minimizes Adverse
Environmental Impacts:

1. Allows for a more energy efficient thermoelectric facility
which reduces emissions

2. Can reduce entrainment to a level commensurate with the

flow reduction associated with closed-cycle cooling (i.e.,
90%)

3. Most cost effective solution in Chile

V] lsdm o
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Challenges Measuring Through Screen
Velocity

[Source: Costasur]
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Approach Velocity Adopted Instead of
Through-Screen Velocity

10 omis
N\ 72N\
\:' \\‘l '/’/ ..1/ P 30 cm/s ™,
Velocity Velocity
vectors isopleths

Approach

_ Through-Screen
Velocity I Velocity
I \

30 cm 7.62 cm Screen
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 Work in Progress
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1. More Efficient Thermoelectric Facility

Flue Gases (11.9%)

Other Losses (5%)
Heat to Cooling System (46.3%)

Heat in (100%)

Coal Unit
Electricity (36.8%)
Flue Gases (20%)
Other Losses (3%)
Heat in (100%) Heat to Cooling System (26.8%)
Natural Gas
Combined Cycle
Unit

Electricity (50.2%)

[Source: Anna Delgado, 2012]
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2. Adequate Selection of Water Intake Location

* Guidelines to conduct a study which can show if an intake withdrawal
location is adequate — Annex 12 of Study for Ministry of Energy

« Itis important to consider the following criteria for the intake location:
— If the intake location is near a spawning area
— The number of individuals near the intake
— If intake location intersects with a migration route

— The intake location significantly affects the life cycle of a valuable
species

« The thermocline is not a good indicator of how the intake will impact the
water body.

* The intake should be located at a depth of between 5 meters and 15
meters divers can maintain and repair if needed.
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3. Selection of Cooling System

« A preferred option for the Chilean Coast is the Once-Through
Cooling System:

— which has a properly designed, operated and maintained water
intake and discharge system,;

— and has a water intake system which minimizes adverse
environmental impacts

« Aclosed loop cooling system is the preferred option in coastal
zones where there the altitude at which the facility is located

makes it inefficient to pump the water required by a once through
cooling system

* Adry cooling system — in areas where there is water scarcity.
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4. Reduce Intake Velocity

- To operate a water intake system with a maximum water
Intake velocity of 15cm/sec. The design water intake velocity
should be estimated a distance which is less than 8 cm
away from the intake screen.

- QOperate a water intake system with a maximum average
velocity of 15 cm/sec.
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5. Properly Designed Intake which
Minimizes Adverse Environmental Impacts

Wedgewire
Screens

[Source: Johnson Screens]
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5. Properly Designed Intake which
Minimizes Adverse Environmental Impacts

Travelling
Screens
with Fish

Return
System

[Source: Siemens]
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5. Properly Designed Intake which
Minimizes Adverse Environmental Impacts

Velocity Cap

— VELOCITY CAP
I l
[Z]
[ ey R L Ry i By e T

ERp o I e o zsll :‘
| | | |

FLOW —H— RISER b 1.5 x H
2\ PN
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i INTAKE STRUCTURE
&= Ea

S

[Source: Alden Lab]
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5. Properly Designed Intake which
Minimizes Adverse Environmental Impacts
Other Options

[Source: Geiger]
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*  Work in Progress
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Chilean Guide with Methods to Assess
Intake Impacts — Cost-Benefit Analysis

n @ 2 >
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£ L 5%
Low Low No No Low Low | Short | Low Low High
Number killed
Individual Absolute
losses
Equivalent
adult losses
Habitat ratio
Cohort Fractional
losses
Conditional
mortality rate \4 \ 4
Age/stage- Yes Yes
. based model
Population Population
P projections v v v \4 v v v
Individual- . . ) . . )
based model High | High High | High | Long | High | High Low
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Guide;
http://www.minenergia.cl/archivos bajar/ucom/publicaciones/Guia Buenas
Practicas Termoelectrica.pdf

Questions?
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