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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOLAR THERMAL ELECTRIC PLANTS -

Part 3-1: Systems and components — General requirements for the design

1) The
all n
co-0

of parabolic-trough solar thermal power plants

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatien,co
htional electrotechnical committees (IEC National Committees). The object of IEC is to promate’inte
beration on all questions concerning standardization in the electrical and electronic fields. .To this

in addition to other activities, IEC publishes International Standards, Technical Specificationsy Technical

Publ
prep
may
with

Stan|

2) The

cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC_Pwublication(s)’
Bration is entrusted to technical committees; any IEC National Committee interested in the subject d
participate in this preparatory work. International, governmental and non-governmental organization
the IEC also participate in this preparation. IEC collaborates closely with thé International Organiz
dardization (ISO) in accordance with conditions determined by agreement bétween the two organiz

ormal decisions or agreements of IEC on technical matters express, as‘nearly as possible, an inte

consensus of opinion on the relevant subjects since each technical committee has representation

inter|

3) IEC
Com|
Publ
misi

4) In o

bsted IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC
mittees in that sense. While all reasonable efforts are made)to ensure that the technical conten
cations is accurate, IEC cannot be held responsible for the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC National Committees undertake to apply IEC Pub

trangparently to the maximum extent possible in their national and regional publications. Any divergence

any
5) IEC

EC Publication and the corresponding national@r regional publication shall be clearly indicated in tH

tself does not provide any attestation of cahformity. Independent certification bodies provide cd

asselssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible]

serv
6) Allu
7) No |

ces carried out by independent certification bodies.
pers should ensure that they have the tatest edition of this publication.

ability shall attach to IEC or its (directors, employees, servants or agents including individual exp

members of its technical commiti€es.'and IEC National Committees for any personal injury, property da

othe

damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fq

expgnses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any of

Publ
8) Atte

cations.

tion is drawn to the,Normative references cited in this publication. Use of the referenced public

indispensable for the.correct application of this publication.

9) Atte
right

It is a

tion is drawn torthe possibility that some of the elements of this IEC Publication may be the subject
5. IEC shall'not be held responsible for identifying any or all such patent rights.

laternational Standard.

mprising
national
lend and
Reports,
). Their
ealt with
liaising
Ation for
btions.

national
from all

National
t of IEC
for any

ications
petween
e latter.

nformity
for any

erts and
mage or
es) and
her IEC

htions is

f patent

plants.

IEC 62|862-3-1 has been prepared by IEC technical committee 117: Solar thermal electrig
n

The text of this International Standard is based on the following documents:

Draft Report on voting

117/153/FDIS 117/158/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 62862 series, published under the general title Solar thermal electric
plants, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e recpnfirmed,
e withdrawn,
e replaced by a revised edition, or

e amgnded.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=31b67836cadfdbee660f11c48b122981

IEC 62862-3-1:2022 © |EC 2022 -7 -

SOLAR THERMAL ELECTRIC PLANTS -

Part 3-1: Systems and components — General requirements for the design

solar thermal power plants. It includes requirements for the electric power systeém

resour
thermg
field,

This d

thermgl power plants using a steam turbine.

2 Nc

The fol
constit
For u

of parabolic-trough solar thermal power plants

bcument is applicable to the design of new, expanded or rebdilt parabolic-troug

)rmative references

textrough

| solar

Ce assessment, site selection, overall planning, collector system, heat transfer system,
| energy storage system, steam generation system, steam turbine system, layout ¢f solar
ayout of power block, electrical equipment and system, water treatment gystem,
instrumentation and control, auxiliary system and ancillary facilities, as well,as conside
concerning health and safety.

rations

h solar

lowing documents are referred to in the text inssuch a way that some or all of their gontent
utes requirements of this document. For dated'references, only the edition cited applies.
dated references, the latest edition of ‘the referenced document (including any
amendments) applies.

IEC 60076-2, Power transformers — Part 2 Temperature rise for liquid-immersed transformers

IEC 6

IEC 61

IEC TS
networ

IEC TS

IEC TS

850 (all parts), Communication networks and systems for power utility automatio

62749, Assessment of power quality — Characteristics of electricity supplied by
ks

6286211, Solar thermal electric plants — Part 1-1: Terminology

62862-2-1, Solar thermal electric plants — Part 2-1: Thermal energy storage sys

870-5 (all parts), Telecontrael equipment and systems — Part 5: Transmission profocols

-~

public

fems —

Charaq

terization of active, sensible systems for direct and indirect configurations

IEC 62862-3-2, Solar thermal electric plants — Part 3-2: Systems and components — General
requirements and test methods for large-size parabolic-trough collectors

IEC TS 62862-3-3, Solar thermal electric plants — Part 3-3: Systems and components — General
requirements and test methods for solar receivers

ISO 9806, Solar energy — Solar thermal collectors — Test methods

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TS 62862-1-1 and

the foll

owing apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/
e |ISO Online browsing platform: available at https://www.iso.org/obp

3.1

parabolic mirror

reflector with a parabolic cross section mounted on the supporting structure of a parabolic-
trough collector

3.2
receiver efficiency
ratio of the thermal power transferred to the heat transfer fluid (HTF) to the radiant powef at the
receiver aperture

3.3
heat exchanger efficiency
ratio of the energy gained by the heat transfer fluid to the energy supplied’to the heat exchanger
in full-load discharge operation mode

3.4
thermal energy loss
<of thgrmal energy storage system> lost energy by the thermal energy storage system|during
the pefiod of time considered, without involving any charge or discharge process and Without
any external energy supply

3.5
molten salt
inorgafic salt in liquid state usually composed of mixtures of alkali nitrates, alkali nitrites,
carbonjates, chlorides, etc.

3.6
low-bqiling-point substance
substahce in heat transfer fluid)whose distillation temperature is lower than the initial [boiling
point of the unused heat transfer fluid

3.7
high-boiling-point ‘substance
substahce whosé distillation temperature is higher than the final boiling point of the ¢inused
heat transfer fluid, after heating testing similar to the distillation method

3.8
identification-system
coding system allocating a unique identification tag to each physical object, in order to
distinguish such an object from others

3.9
drought index
ratio of the annual evaporation to the annual rainfall in a region

3.10

turbine maximum continuous rating

TMCR

maximum continuous output of the steam turbine under the conditions of design steam intake,
design live steam and reheat steam parameters, design exhaust pressure (4,9 kPa), and no
make-up water
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3.1

boiler maximum continuous rating

BMCR

maximum evaporation rate of the boiler when it can produce steam safely and continuously at
design steam parameters and design make-up water temperature using the designed fuel

Note 1 to entry: The boiler maximum continuous rating condition corresponds to the inlet steam parameters when
turbine valves are wide open.

3.12

regulating volume

difference between the total volume of the heat
£1 B

3 [TH
LBLLLLLLE

ransfer system at operating temperature and

tonanaratie
CTTpPTTatarc

t
8

th t t-.l\. | T £ i bagot tronafar flL 1A o
e lolg—vordeortherheattranster—aia=a

4 General requirements

4.1 For the design of a parabolic-trough solar thermal power plant, site-resource conditions
should|be evaluated considering long-term meteorological conditions atthe proposed lpcation
of the |plant. As a minimum, the evaluation of average yearly direct-normal irradiancg (DNI)
values|(P50 and P90), typical meteorological year series (P50), ambient temperature, ambient
pressure, wind speed, wind gust and relative humidity should be, performed.

4.2 The steam turbine capacity, thermal storage system* capacity, solar field size and
operatfon modes of the plant should be determined throtigh techno-economic evaluatipn and
should|meet the requirements of local electric power ptanning.

4.3 The design capacity of the plant should mefgt.the following provisions:

a) The overall optimization should be done.among the solar field aperture area,|steam
generator evaporation, steam turbine\ capacity, HTF-thermal storage medium heat
exdhanger charging power and thermal’energy storage capacity.

b) Th¢ BMCR evaporation of the steam generation system should match the maximum inlet
stepm flow rate of the steam turbine.

c) The turbine-generator capacity should match the maximum continuous output of the|steam
turbine.

4.4 The design life time of the plant should meet the client's requirements.

4.5 A uniform identification system should be deployed in the plant design and should meet
the relgvant provisions of the IEC 81346 series.

5 Elgectric power system requirements

5.1 General

The main transformer, circuit breaker and other electric equipment in connection with the power
grid should meet the requirements of frequent start-up/shutdown of the plant.

5.2 Grid-connection

5.21 The grid-connection scheme of the plant can be subject to regulations, provisions and
requirements of the local grid.

5.2.2 The voltage class for grid-connection should be selected according to the power plant
capacity.
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5.2.3 Off-load tap-changing transformers should be selected as main transformers. On-load
tap-changing transformers may be selected as main transformers if the voltage adjustment
calculation is proved necessary.

5.2.4 The rated power factor of the generating units of a power plant should meet the local
grid operation demands.

5.2.5 The power quality level at the point of common coupling shall meet the relevant
requirements of [IEC TS 62749.

5.3 Relay protection and automatic safety devices

5.3.1 Relay protection and automatic safety devices should be designed according| to the
IEC 60255 series, as well as the IEC 60870 series.

5.3.2 Configuration of line protection can be subject to requirements of the docal grid

5.4 Dispatching automation

5.4.1 Telecontrol information shall meet the requirements of the [EC 60870-5 series.

5.4.2 The solar power forecasting system may be installed inthe plant, which forecas{s solar
resource and power production together with the plant performance model.

5.5 Electric power system communication

The elé¢ctric power system communication shall méet the requirements of the IEC 61850 series.

5.6 FElectric energy metering

The elgctric energy metering device should meet the relevant requirements of the IEC|62053
series.

6 Sqlar resource assessment

Solar [resource at the~'site should be assessed according to IEC TS 62862-1-2 and
IEC 62862-1-3.

7 Site selection

7.1 When“selecting a site for a parabolic-trough solar thermal power plant, the following
factors| should be considered:

QO

local grid structure and local electric power planning;

(=}

auxiliary fuel supply;

o O

)
)
) requirements of urban planning;
) water source;

) traffic and transportation for large equipment;
f) environmental impact assessment;

g) social impact assessment;

h) outgoing line corridor;

i) landform;

j) geology;
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k) seismicity;

[) hydrology;

m) me

teorology;

n) construction.

7.2 When selecting a site for a parabolic-trough solar thermal power plant, the water source

should

meet the following provisions:

a) Ifriver water is used as water source, the water intake point should be located in the riverbed
section which is stable all year around, so that the impact of mud, sand, vegetation, ice,
drifting sundries and drained water backflow can be avoided.

b) If dnderground water is used as water source, a hydro-geological investigation rep

be

7.3
conditi

subject to local requirements.

When selecting a site for a parabolic-trough solar thermal power plant,” the
bns should meet the following provisions:

a) ThI site should be selected in regions with abundant and stable DN{ resources.

b) Th

site shall not be located in regions that include dangerousirocks, landslide]

deyelopment, mudslide section, seismogenic fault and goaf zane.

c) Ifg

eological disaster prone region cannot be avoided, risk,asséssment should be dor

geadlogical disaster risks should be comprehensively assessed.

d) Su
suri

Founding obstacles such as tall and large trees) mountains, buildings should bg

intg consideration.

e) ThT site should be located in a flat region.
il

f) Bui
mo

7.4

dings or structures inside and outsidexthe site should not shadow the solar field
5t of the daylight hours.

When selecting a site for a parabolic-trough solar thermal power plant, essential

the geological conditions of the site shiould be obtained, which will be used as the design

for bui

7.5
provisi

dings and structures.

The seismic fortification intensity of the site shall be determined subject to th
bns of seismic fortification intensity or seismic ground motion design parameters.

8 Ovyerall planning

8.1

8.1.1
consid

a

T

req

nat

Qo O
—-_— —= — = -

General

Qyerall planning of parabolic-trough solar thermal power plants should bg

brt can

natural

, karst

e, and

spended particulate matter, airport runways and airrxoutes, high wind speed regions, and

taken

during

data of
basics

e local

done

HSW-IE 1 fallaaiio.
T

r af torca:
CTT Ty e ToOTmo Wiy Tactorsy

impact of DNI on the solar field layout;

uirements relating to construction and production of the plant;

ural conditions of the site;

construction schedule;

water supply and drainage facilities;

f) heat supply piping;
g) off-site traffic;

h) out

going line corridor;

flood control and drainage;

current stage and long-term development of the site.
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8.1.2 Planning for flood control and drainage should be done according to the natural
conditions and safety requirements of the site. A flood bank, flood trench or floodwall may be
used.

8.2 Off-site planning

8.2.1 Planning for off-site transportation can be subject to local laws and regulations.

8.2.2 Planning for off-site water supply and drainage facilities should be determined by
comparing alternative options, considering plant capacity, water source, topographic conditions,
environmental protection, soil and water conservation requirements, etc. Locations and piping
for off-site water intake and drainage should be planned in a harmonized way

8.2.3 Planning for an outgoing line corridor should be done according to the design’capacity
of the plant, construction scale of the current stage, planning of local electric power, as well as
direction, voltage and circuit number of transmission lines.

8.2.4 Auxiliary fuel supply, if any, shall be reasonably plannedyaccording tq local
requirgments of fuel supply, transportation and environmental protection-

8.3 Pn-site planning
8.3.1 On-site planning should meet the following provisions:

a) As|per its different functions, the plant may be divided into solar field, power blogk and
thefmal storage system. The solar field may besubdivided into subfields accordliing to
different loop combinations.

b) Pljnning for corridors of incoming and outg@ing power lines should be done accorfling to
sygtem requirements and line directions, and line crossing should be avoided.

c) Logation of entrances and exits of therplant should be convenient for transportatign, and
road specification can be subject-to local requirements for production, living apd fire
protection.

8.3.2 Planning for solar field.should meet the following provisions:

a) The solar field should ‘be reasonably arranged according to topographic conditions,
equipment specifications and construction requirements. The solar field should use the
mofularization arrangement in subfields.

b) The layout of the.solar field should be comprehensively determined considering longitude,
latifude, altitdde*and other geographical factors of the site, as well as site area and c¢llector
codt.

c) The instaltation height of the collector should be determined considering local flood levels
and snow thickness.

d) For a site with high wind and dust, wind barriers and dust control facilities should be
considered according to the wind direction and collector layout direction.

e) The layout of piping in the solar field should be planned in a harmonized way, and pipelines
of HTF and cables should be laid along roadsides.

8.3.3 Planning for the power block should meet the following provisions:

a) The power block should be located in the centre of the plant.

b) Taking into account rational process flow, the planning for the subregion division and
building layout in the power block should be done according to local sunlight direction, wind
direction, topographical and geotechnical conditions.

c) Auxiliary and ancillary buildings with similar functions should be arranged side by side in
the same subregion.
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d) The layout of auxiliary fuel facilities (if any) may be determined according to the fuel type,
supply and transportation conditions. If such facilities are located inside the power block,
they should be arranged in a separated area.

e) Thermal energy storage facilities should be arranged in a separated area.

f) The location of collector assembly workshops should be considered.

8.3.4
safety

8.3.5

Plant layout and site selection can be subject to local regulations on environment and

for protection against flooding, earthquake and other natural disasters.

The flood protection standards of the plant can be subject to local codes and
regulations, and mutually agreed with the client.

9 Collector system

9.1

9.1.1
evalua

General

The scale of the collector system should be determined through techno-ec

thermdl energy storage system capacity and collector specifications!

9.1.2

9.1.3

9.1.4
conditi

Collectors shall meet the provisions of IEC 62862-3-2.
The specifications of each collector componentshould match each other.

Collectors should meet the design requirements of the plant under normal op
bns, considering exceptional situations such as extreme wind speed and e

tempernature.

9.2
9.2.1

Collectors

Collectors should meet the following provisions:

a) Collectors should be designed’ to survive at the maximum wind speed with a rec\
period of 50 years at stow position following the indications of local wind load codes 3

tec

hnical specification of the plant.

b) Collectors should bé designed to bear the reference snow pressure with a recurrent
of 50 years at stow_position.

bnomic

fion considering plant capacity, annual equivalent operation\hours, DNI conditions,

brating
Ktreme

rrence
nd the

period

c) Collectors cambe subject to other local meteorological conditions and applicable codes.

d) Loads to be applied to the collector structural models may be obtained from wind

tes
res

9.2.2

s or-computational fluid dynamics previously calibrated and tested with wind
LIS

tunnel
tunnel

Parabolic mirrors should be selected according to the following provisions:

a) Parabolic mirrors should be selected including but not limited to hot bending mirrors,
toughened mirrors, laminated mirrors, or mirrors made from metals and polymer reflective

ma

terials.

b) Parabolic mirrors should satisfy the requirements of sand and hail impact on the basis of
local climate conditions.

c) The reflectance and curvature accuracy of the parabolic mirrors should meet the
performance requirements of the collectors.

d) Parabolic mirrors should have protective layer(s) to meet the durability requirements of anti-
wear and anti-ageing.
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9.2.3 In order to ensure performance of the solar field, the parabolic mirrors should have an
average solar specular reflectance not lower than 93 % according to ISO 9050. Durability of the
parabolic mirrors should be proven by accelerated ageing tests and should meet the design
lifetime requirement of the plant.

9.24 Receivers should be selected according to the following provisions:

a) The material of receivers should meet the requirements of the HTF.

b) The design temperature and pressure of the receivers should match the operating
temperature and pressure of the HTF.

c) The durability and technical performance parameters of solar receivers shall meet the
projvisions of IEC TS 62862-3-3.

9.2.5 Supporting structures should meet the following provisions:

a) Supporting structures should be designed following applicable codes, _considering local
ampient and climate conditions. The strength and stiffness of the supporting stfucture
shquld meet the requirements of focusing and tracking accuracy.

b) The¢ anti-corrosion design of the supporting structure should be (determined according to
local climatic conditions and design lifetime.

c) Supporting structures should be able to compensate the thefmal expansion of the re¢eivers
and related parts during operation.

9.3 Priving and tracking system

9.3.1 The tracking accuracy of the driving and tracking system should be determined through
technofeconomic evaluation according to the collector overall performance.

9.3.2 Driving devices should be hydraulic.:or mechanical. Driving and tracking systems
should|be adapted to the outdoor environment.

9.3.3 Driving devices should be designed to be compatible within the complete rotation angle
range,|to prevent the collector from-getting stuck and to drive the collector into stow plosition
within the required time specified.in the design.

9.3.4 Electrical and control equipment of the driving devices should meet the fo[lowing
provisipns:

a) The protection evel should not be lower than IP55.

b) The local centroller should be placed on the drive pylon, and should match the drive pylon
to flacilitate;eperation and maintenance.

c) The¢ lacal controller should have an automatic mode and a manual mode. The aufomatic
mopde.vshould meet the requirements of normal operating conditions and emefgency
protection of the system. The manual mode should meet the needs of commissioning,
maintenance and cleaning.

9.3.5 The driving device of the collector should be equipped with a shared or an individual
reliable emergency power supply and/or energy accumulator, in order to safely defocus the
collector in case of a power blackout to avoid overheating the HTF during operation. The
emergency power supply configuration should meet the power supply requirement to drive the
collector back to stow position in case of a power blackout.

9.3.6 The driving device should be able to hold the collector in any position under regular
design conditions, and no free rotation of the collector should be possible.
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10 He

at transfer system

10.1 General

10.1.1

The design flow rate of the heat transfer system should be determined through

techo-

economic evaluation considering the configuration of the collector system, design capacity of
the steam turbine and operation modes of the plant.

10.1.2

For the selection of HTF, the following factors should be considered:

thermal expansion coefficient;

a)

b) the
C) sp€
d) ops
e) flas
f) eny
10.1.3

salt, water or other heat transfer fluids could be used. This document mainly focuses

regulaf

10.1.4

point of the HTF, anti-freezing measures should be considered in the plant design.

10.1.5

a) The flow rate of the main pumps should meet'the total flow rate requirement at the t
loafd design point of the solar field, plus atteast a 5 % margin.

b) The¢ main pumps should comprise at least two sets including at least one redundant s

shg
the

c) Fof

mratand—chemicat-stabitity;

cific heat capacity, thermal conductivity, kinematic viscosity;
rating temperature, freezing point;

h point, corrosion-free properties;

ironment friendly qualities.

The HTF could be thermal oil. If it makes sense technically-and economically,

ions and requirements of thermal oil as a heat transfer flaid:

If the historical extreme minimum temperature of the site is lower than the fr

The flow rate and number of HTF main pumps should meet the following provig

molten
on the

eezing

ions:

hermal

et, and

uld be equipped with variable frequency control devices. If one pump is out-of-service,

remaining pump(s) should méet the total flow rate requirement.

the discharge head of thelmain pumps, the following factors should be considergd:

pressure drop due to pipe flow friction and local fitting friction along all HTF p
calculated at designpoint flow rate;

the largest value-among the following three sums calculated at design point flo
sum of solan.field pressure drop and steam generation system pressure drop,
solar field-pressure drop and thermal energy storage system pressure drop, and
thermalrenergy storage system pressure drop and steam generation system prj
drop inxdischarge operation mode;

static’pressure due to different height between the highest point of HTF returnir

ipeline

v rate:
sum of
sum of
essure

g pipe

and the minimum qunid level in the pxpanqinn tank:

at least 5 % margin.

10.1.6 Bypass filters should be installed in the system pipeline, depending on the specific
properties of the HTF.

10.2 HTF storage and expansion system

10.2.1

If using thermal oil as HTF, the heat transfer system should include an expansio

n tank,

overflow tank(s), overflow pump(s) and a nitrogen coverage system. A nitrogen coverage
system shall be used if the HTF is easily flammable.

10.2.2

All venting pipes should be led to the expansion tank.
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10.2.3 The regulating volume should be at least 1,3 times the total volume increase of the
HTF from filling temperature to operating temperature.

10.2.4 The operating pressure of the expansion tank should not be less than the
corresponding vapour pressure at the maximum temperature of the HTF under all working
conditions, plus a margin of 30 kPa to 50 kPa.

10.2.5 Multiple overflow tanks may be used if the dimension of one single tank is too big and
difficult for manufacture or transportation.

10.2.6 The design pressure of the overflow tank(s) should be the same as that of the
expangiomtarnk:

10.2.7| If it makes sense technically and economically, the volume of the expansioen tank may
be increased and usage of overflow tank(s) may be cancelled.

10.2.8| When using overflow tanks, two or more overflow pumps should be installed, in¢luding
a redupdant one.

10.2.9| The nitrogen coverage system should be connected to(the expansion tank and the
overflow tank(s) in order to keep pressure in all tanks within thé§et range.

10.3 HTF ullage system

10.3.1] When using thermal oil as HTF, a ullage system should be installed.

10.3.2| The ullage system can remove high-bgiling-point substances and low-boiling-point
substapces generated during plant operationyand recover the thermal oil. The capacity| of the
ullage |system should be determined as perithe larger value between the vent gas amount of
the expansion tank and the vent gas amount of the flash expander in the high-boiling-point
substapce treatment system.

10.3.3| Two-stage recovery tanks*should be used in the ullage system for low-boiling-point
substapces. Air cooling condensers should be used at stage 1, and a sump oil tank shquld be
installgd downstream of the stage 2 recovery tank to accommodate low-boiling-point
substahces.

10.3.4| Forthe discharge head of the ullage pumps, the following factors should be congidered:

a) total pressuredrop due to pipeline friction from the stage 1 recovery tank to the explansion
tank, and-lacal fitting friction;

b) makimum operating pressure of the expansion tank;

C) static pressure toe—to—different “quiu' tevets—betweenthe b‘lagc 4 reCcCoVeTY tark—and the
expansion tank;

d) atleast 5 % margin.

10.3.5 A flash expander should be installed in the high-boiling-point substance treatment
system of the ullage system.

10.3.6 A sump oil tank should be installed in the ullage system.

10.4 HTF filling system

10.4.1  When using thermal oil as HTF, an HTF filling system should be installed to fill the HTF
into the heat transfer system.
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10.4.2 One or two self-priming pump(s) equipped with filter at their inlets should be used as
filling pumps for the HTF filling system.

10.5 HTF anti-freezing system

10.5.1 When using thermal oil or molten salt as HTF, an anti-freezing system should be
installed if the historical extreme minimum temperature of the site is lower than the freezing
point of the HTF. The thermal power output of the anti-freezing system should be higher than
the thermal losses of the whole heat transfer system at the historical extreme minimum
temperature.

10.5.2 _The anti-freezing facilities should comprise at least two sets including at legst one
redundant set. If one facility is out-of-service, the remaining facility(ies) should meet the thermal
power requirement for anti-freezing. At least 5 % margin should be considered for the ‘nominal
power jof each anti-freezing facility.

10.5.3| The anti-freezing pumps should not be less than two including one redundant pump. If
one pump is out-of-service, the remaining pump(s) should meet 105 % of;the anti-freezipg flow
rate. The anti-freezing flow rate should be calculated according to anti-freezing thermal power,
HTF d¢sign parameters and design temperature difference.

10.5.4| For the discharge head of the anti-freezing pumps, ‘the” following factors shquld be
considpred:
a) pressure drop due to pipe flow friction and local fitting)friction along the HTF pipeling;

b) equipment pressure drop in HTF-molten salt heat\exchangers of the thermal energy dtorage
sygtem,;

c) equipment pressure drop in the steam generation system;

d) prefssure drop due to flow friction and logal fitting friction along collectors;
e) equipment pressure drop in anti-freezing heaters;

f) atlpast 5 % margin.

11 THermal energy storage system

11.1 General
11.1.1| The thermal energy storage system should meet the following provisions:

a) Mojten salt,sensible heat should be used for thermal storage.

b) The¢rmalsinsulation, anti-freezing facilities, thermal storage medium leakage protection
fac|lities_.and drainage system should be used in the thermal energy storage system] When
usipg.thermal oil or any other flammable medium as HTF, inertial gas coverage shall be
used.

c) The thermal energy storage system should be surrounded by a non-flammable barrier or
should be located in a basin, which can accommodate the volume of thermal storage
medium in case of tank collapse.

11.1.2 The characterization of a sensible thermal energy storage system shall meet the
provisions of IEC TS 62862-2-1.

11.2 Storage system of thermal storage medium

11.2.1 The flow rate measurement shall be performed according to ISO 9806.

11.2.2 The thermal storage medium should be able to reach the maximum temperature
required by the system process. The physical and chemical properties of the medium should be
stable within the operating temperature range during the lifetime of the plant.
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The total mass of the thermal storage medium should be determined according

to the

specific enthalpy and operating temperature range of the thermal storage medium, as well as
the operation modes and energy losses of the thermal storage system.

11.2.4

Storage tank(s) should meet the following provisions:

a) For the total volume of the cold or hot tank(s) at the design liquid level, the whole molten
salt volume at the corresponding maximum operating temperature of the tank(s) should be
considered.

b) Av

ertical cylindrical tank with dome should be used.

c) The height-diameter ratio of the tank(s) should be determined according to the length of the

sal

d) The material of the tank(s) should meet the thermal storage medium charact¢

op4

e) The wall thickness of the tank(s) should be determined according to the design prg

des

f) Anfi-freezing electric immersion heaters should be installed inside each tank.

g) At
shd
h) Wh
val
neq

11.3

11.3.1
should

pump(s).
rating temperature and corrosion requirements.

ign temperature, design lifetime and corrosion rate.

east two independent liquid level gauges should be installed(in‘each tank. Each
Il be provided with upper limit alarm, lower limit alarm and(shut-off device.

en using inertial gas coverage for each tank, molten“salt draining pipes and
be(s) with proper thermal insulation shall be installed: If no inertial gas covef
ded, the tank(s) can be vented to the atmosphere:

Heat transfer system of thermal storage medium

When using molten salt sensible heat _for thermal storage, the following pro
be met:

a) Th

power, inlet and outlet HTF temperature in the HTF-molten salt heat exchange
exdhanger efficiency, as well as design temperature of the hot salt and the cold salt

b) Th
the
sal
sal

11.3.2

one refdlundant pump:for each type of pump. If one pump is out-of-service, the remaining |

should

degradation during lifetime, and the other margin value can be used if there are more 1

engine|

11.3.3
should

flow rate of the hot salt pump(s) sheuld be determined according to the design dis

flow rate of the cold salt-pump(s) should be determined according to the sol
rmal power, design charge power, inlet and outlet HTF temperature in the HTF-
heat exchanger, heat'exchanger efficiency, as well as design temperature of {
and the cold salt.

The number ©f;hot salt pumps or cold salt pumps should not be less than two in
meet notless than 105 % of the total flow rate. The 5 % margin is for the

lering-practices.

ristics,

pssure,

gauge

safety
age is

visions

charge
r, heat

ar field
molten
he hot

cluding

ump(s)
pump

eliable

N rlicﬁh::rgn mnrln’ for the Hiehhnrgn head of hot salt pLUPS, the fnlln\uing

actors

be considered:

a) static pressure due to different liquid levels between hot salt tank and cold salt tank when

the

hot salt tank is at minimum liquid level,

b) pressure drop due to pipe flow friction from the outlet of the hot salt pump(s) to the inlet of

the

HTF-molten salt heat exchanger(s);

c) equipment pressure drop in the HTF-molten salt heat exchanger(s);

d) pressure drop due to pipe flow friction from the outlet of the HTF-molten salt heat
exchanger(s) to the inlet of the cold salt tank(s);

e) sta
f) atl

tic pressure at the inlet of the cold salt tank(s);
east 5 % margin.
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11

.3.4 In full power charge mode, for the discharge head of cold salt pumps, the following

factors should be considered:

static pressure due to different liquid levels between hot salt tank and cold salt tank when
the cold salt tank is at minimum liquid level;

pressure drop due to pipe flow friction from the outlet of the cold salt pump(s) to the inlet of
the HTF-molten salt heat exchanger(s);

equipment pressure drop in the HTF-molten salt heat exchanger(s);

pressure drop due to pipe flow friction from the outlet of the HTF-molten salt heat
exchanger(s) to the inlet of the hot salt tank(s);

e) stajic pressure at the inlet of the hot salt i‘anl{(e);

f) atleast 5 % margin.

11.3.5| Vertical submerged pumps with variable frequency drives should be used @as salt
pumps

11.3.6| Welding connection should be used for molten salt pipeline connéction.

11.3.7| When selecting an HTF-molten salt heat exchanger, the-following provisions [should
be met:

a)

b)

11.4 Additional components

11

a)

b)

1

.3.8| Molten salt pipelines should meet the fallowing provisions:

.4.1| An inertial gas coverage system, if any, should meet the following provisions:

The flow direction of both media can be switched between forward and backward directions,
in grder to implement charge and discharge two-way-hé€at transfer.

A tubular heat exchanger, header type heat exchanger or plate heat exchanger may be
usgd.

There should be bypassing pipelines;® draining pipelines and corresponding ghut-off
valye(s).

A certain slope for molten salt pipelines should be designed to ensure drainage of the molten
salf.

A heat tracing system and  thermal insulation should be used in molten salt pipelines,
drainage points, valves, and any other molten salt equipment.

BaIEncing pipeline(s) for inertial gas should be used between the cold salt tank and hot salt
tank.

Anlinertial gas buffer with pressure relief device should be installed in the thermal pnergy

stoFage-area-

.4.2 An anti-freezing system should meet the following provisions:

Electric heaters or auxiliary combustion heaters may be used for anti-freezing purposes.

Anti-freezing facilities should be used in molten salt tank(s). Either an electric immersion
heater, heat tracing inside the tank, or a circulation heater outside the tank can be
acceptable.

Electric heat tracing and anti-freezing heaters should be connected with an emergency
power supply.

.4.3 The layout of molten salt pumps, pipelines and valves in the thermal energy storage

tank area should be designed for easy inspection and operation. Supporting platforms, overhaul
platforms and stairways should be installed in the heat exchanger area.
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12 Steam generation system

12.1 General

12.1.1 For the design and model selection of the steam generation system, live steam
temperature and make-up water temperature should be determined according to the
specifications of the steam turbine, as well as the operating pressure and operating temperature
of the HTF at the outlet and inlet of the heat transfer system.

12.1.2 The evaporation capacity of the steam generation system should match the demand
of the steam turbine.

12.1.3| The steam generation system should be composed of preheater, steam .genlerator,
superheater, reheater (if any) and other auxiliary equipment.

12.1.4 | When using thermal oil or molten salt as HTF, one or two train(s) of'steam gengration
equipnment should be used. If using two trains, evaporation of each train should be at leagt 50 %
of the {otal design value.

12.1.5| Primary continuous blow-down expansion should be used-in the continuous blow-down
systen] that can be switched to periodical blow-down expansign using a bypass. Both) blow-
down gystems should be installed on the water-steam side ofi¢the’steam generation system.

12.1.6| The steam generation system should also havethermal insulation, HTF anti-frieezing
facility| and HTF leak protection and draining system.

12.2 Bteam generation equipment

12.2.1| Two types of evaporators, i.e. kettle-type and steam drum type (tube-and-ghell or
headef-and-coil), could be used for steam>generation.

12.2.2| Pressure drop and temperature drop of the superheating and reheating system [should
meet tIe following provisions:

a) The pressure drop from the-superheater outlet to the steam turbine inlet should not pbe 5 %
higher than the design live steam pressure of the steam turbine.

b) The design steam-temperature of the superheater outlet should be 3 °C higher than the
degign live steam temperature of the steam turbine, or follow good engineering praclices.

c) The¢ total pressure drop of the reheating system should be not more than 10 % of the gxhaust
prefssure of the steam turbine high pressure cylinder at the design point.

d) The design steam temperature of the reheater outlet should be 2 °C higher than the [design
inlgt.steam temperature of the intermediate pressure cylinder of the steam turbine.

12.2.3 Preheaters, steam generators, superheaters and reheaters should be equipped with a
sufficient number of safety valves on the steam-water sides of the steam generation system in
accordance with the rules as set forth in ASME BPVC and EN 12952-3.

12.2.4 When using shut-off valve(s) at the outlet on the HTF side of the steam generation
system, pressure relief bypass should be installed accordingly, and the blow-down HTF by
pressure relief should be recycled.
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13 Steam turbine system

13.1 Steam turbine

13.1.1 Specifications of steam turbine should meet the relevant provisions of IEC 60045-1.
The steam temperature should be determined according to the design temperature of the HTF
and the thermal energy storage process.

13.1.2 In accordance with requirements of power output, the steam turbine should be
designed to work at different partial loads and to be compatible for frequent and quick start-up
and shutdown.

13.1.3| The back pressure of the steam turbine should be determined through optinlization
calculdgtion according to the hydrological and meteorological conditions of the sité,\as well as
the cogling system solution of the plant.

13.1.4| The air-cooling steam turbine should be selected for water-deficient’'regions where the
drought index is higher than 1,5.

13.1.5| The nominal capacity and other capacity of the steam turbine’should meet the re¢levant
provisipns of IEC 60045-1.

13.1.6| The regenerative system should be designed according to the size of the solar field
and spcifications of the steam turbine generator unit.

13.2 Live steam, reheat and bypass system

13.2.1| The diameter and wall thickness of\pipelines for the live steam and reheat|steam
should|meet the pressure and flowrate requirements of the superheaters and reheaters,

13.2.2| For the design of the steam_turbine bypass system, the following factors shquld be
considgred:

a) operation characteristics of-the’steam turbine and the steam generation system;
b) staft-up models of the steam turbine.

13.3 Feedwater system and pump

13.3.1| Each steam\turbine generator unit should have one feedwater piping system.

13.3.2| The_number and flow rate of feedwater pumps should meet the following providions:

a) The.t
outlefs ce-
generation system.

ump is
steam

b) The number of feedwater pumps should be at least two including one redundant one.

13.3.3 For the discharge head of the feedwater pumps the following factors should be
considered:
a) feedwater flow rate consideration at the BMCR condition of the steam generation system;

b) pressure drop due to feedwater flow friction from the outlet of the deaerator feedwater tank
to the inlet of the steam generation system;

c) static pressure due to different water levels between the highest one of the steam generation
system and the normal one of the deaerator feedwater tank;

d) pressure drop due to steam flow friction from the outlet of the steam generator to the inlet
of the superheater;
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e) steam pressure required at the outlet of the superheater;

f) design pressure of the deaerator (negative value);

g) equipment pressure drop in the steam generation system;

h) total pressure drop during start-up of the preheater(s), low pressure heater(s), high pressure
heater(s) and other auxiliary equipments;

i) atleast5 % margin.

13.4 Deaerator and feedwater tank

13.4.1
the de

Each steam turbine generator unit should have one deaerator. The output flow
erator should be determined according to the feedwater consumption under the

rate of
BMCR

conditi

13.4.2
consur

13.4.3
the loV

pump(
a) diff]

op4
b) net
c) pre
d) ma

13.4.4
tank.

13.4.5
specifi

13.5
13.5.1

13.5.2
pump 9
should

13.5.3

bn of the steam generation system.

The volume of the feedwater tank should be at least 10 min to 15 min of fee
nption under the BMCR condition of the steam generation system.

The elevation of the deaerator should be determined according.foystatic pressu
vest water level of the deaerator feedwater tank to the centreline of the fee
5). The following factors should be considered:

erence between water vapour pressure at the inlet of the feedwater pump(
rating pressure of the deaerator;

positive suction head of the feedwater pump(s);

rgin of 3 kPa to 5 kPa required for the safe@peration of the feedwater pump(s).

Safety valves and venting pipes should be used in the deaerator and the fee

cation requirements for boiler ‘deaerators.

Condensate system and condensate pump

Each steam turbine generator unit should have one condensate system.

Each condensate system should have two condensate pumps. The flow rate g
hould be A10°% of the maximum condensed water volume, and the speed of eact
be adjustable.

For’the discharge head of the condensate pumps, the following factors sho

consid

ssure drop due to flow friction along the water inlet pipe of the feedwater pump(s);

dwater

e from
dwater

5) and

dwater

The design of the deaerator “and the feedwater tank should meet the r¢levant

f each
pump

uld be

bred:

a) pressure drop due to flow friction along the condensed water pipeline from the condenser
hotwell to the condensed water inlet of the deaerator;

b) static pressure due to water level difference from the condensed water inlet of the deaerator
to the minimum water level of the condenser hotwell;

c) spray pressure required by spray nozzle at the condensed water inlet of the deaerator;

d) maximum operating pressure of the deaerator;

€) maximum vacuum pressure of the condenser;

f) equipment pressure drop of the condensate system.
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13.6 Drain pumps of low pressure heater

13.6.1 The flow rate and number of drain pump(s) of low pressure heaters should meet the
following provisions:

a) The flow rate of the drain pump should be determined according to the drainage water
volume discharged to the pump under the TMCR condition of the steam turbine.

b) Only one drain pump of the low pressure heater should be used, without redundancy.
However, the drain pump should have a bypass pipeline for backflow to the condenser.

13.6.2 For the discharge head of the drain pump of low pressure heaters, the following factors
should be considered:

a) prﬁksure drop due to flow friction from the low pressure heater to the condensedwatger inlet
of the deaerator;

b) static pressure due to water level difference from the condensed water inlet of the degaerator
to the minimum water level of the low pressure heaters;

c) sprpy pressure required by the spray nozzle at the condensed water inlet of the deagrator;
d) makimum operation pressure of the deaerator;
e) vaquum pressure of the low pressure heater under the maximtum condensate condifion. In

cage of positive pressure, a negative value should be used,

13.7 PBteam turbine cooling system

13.7.1] A cooling system solution should be selected\through techno-economic evaluation
based |on local meteorological conditions, general layout, specifications of the steam furbine
genergtor unit, operation modes, height limit forihuildings, as well as operation modes and
operatjon strategy of the plant.

13.7.2] When using air cooling, the type~of air cooling system should be selected through
technofeconomic evaluation based on lo¢al meteorological conditions, cooling facilities Jayout,
anti-frgezing and noise control measuses. A direct air cooling system should be preferred for
cold or severe cold regions.

13.7.3| When using wet cooling, the type of wet cooling tower should be determined through
technofeconomic evaluation based on quantity, temperature and quality of circulating water, as
well ag operation modes,of the circulating water system. Besides, the following factdrs and
actual conditions should-be also considered:
a) natural conditions like landform, local meteorological conditions and geological conditions;
b) intgracted.influence between the cooling tower and its surrounding buildings or collgctors;

c) supply @nd construction conditions for material and equipment.

13.7.4—Fhe bUU:;IIH oyatclll ir—cotdor-severe—cotd |cyiuuc strottdthaveretabte—antt f.eezing
measures according to the characteristics of the steam turbine generator unit and operation
modes of the plant.

13.7.5 The main air inlet of the direct air cooling system will face predominant wind directions
in summer and the impact of high-temperature gale occurrence frequency on the air cooling
system should be analysed.

13.7.6 Equipment and buildings under the air cooling condenser should be arranged close to
row A of the steam turbine hall, not exceeding 1/4 height of the air cooling condenser platform.

13.7.7 The plane arrangement of the supporting structure of the air cooling condenser should
be regular and symmetrical.
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13.8 Auxiliary equipment cooling water system

13.8.1 The cooling water system for auxiliary equipment should be determined according to
the cooling water source and water quality for the condenser, as well as requirements on volume,
temperature and quality of cooling water by various equipment.

13.8.2 For the cooling water of rotating machinery bearings, carbonate hardness should be
less than 250 mg/l (CaCOg) and the pH value should be between 6,5 to 9,5, and the suspended

solids content should be less than 100 mg/I.

13.8.3 The cooling water system for auxiliary equipment should meet the following provisions:

a) When using fresh water without treatment as cooling water, an open cycle cooling water
sygtem should be used. When using fresh water with treatment as cooling water,yap open
cydle and closed cycle combined cooling water system should be used.

b) When using seawater as cooling water, for those auxiliary equipment whigh-are not suitable
for|direct cooling by seawater, a closed cycle cooling water system by demineralized water
shquld be used, and seawater should act as cooling water source for-the heat exchangers
of the closed cycle cooling water system, instead of direct cooling ofithe auxiliary equipment.

c) Whlen using recycled water as cooling water, for those auxiliary~equipment which Jare not
suifable for direct cooling by recycled water, a closed cygcle cooling water system by
derhineralized water should be used, and recycled water should act as cooling water source
for [the heat exchangers of the closed cycle cooling watet)system, instead of direct ¢ooling
of the auxiliary equipment.

d) Copling water for the open cycle cooling water system of a wet cooling plant should b¢ taken
from the circulating cooling water system of the cendenser. Cooling water for the open cycle
cogling water system of an air-cooling plant sheuld be taken from the cooling water gystem
of the cooling tower. Cooling water for the.€losed cycle cooling water system shquld be
derhineralized water or condensed water,

13.8.4| The heat transfer area of the _closed cycle cooling water heat exchanger shquld be
calculdted on the basis of maximum calculated cooling water temperature. Tw¢ heat
excharjgers should be installed, and“each one should have 65 % of the total required heat
transfdr area. The material of:the heat exchangers should be consistent with that|of the
condenser.

13.8.5| When using a etosed cycle cooling water system, two cooling water pumps shquld be
installgd, and each one,;should be at least 110 % of the maximum required cooling watger flow
rate. The dischargethead of the cooling water pumps should not be less than the total priessure
drop dpe to pipesflow friction calculated at the maximum required cooling water flow rate, plus
at leasf a 5 %_margin.

13.8.6| . AVhen using an open cycle cooling water system, necessity of a booster watef pump
and itsLcaverage range should be determined and calculated according to the detailedllayout
of the system. If required, two booster water pumps should be installed, and each one should
be at least 110 % of the maximum cooling water to be boosted. The discharge head of the
pump(s) should be calculated considering the following factors:

a) pressure drop due to pipe flow friction calculated at the maximum cooling water flow rate,
plus at least 5 % margin;

b) static pressure due to water level difference from the highest point of cooling water usage
to the centre line of the booster water pump(s);

c) static pressure due to water level difference between inlet and outlet of the circulating water
pipelines (negative value).

13.8.7 When using a closed cycle cooling water system, an expansion facility and a make-up
water system should be installed. The installation height of the expansion facility should not be
lower than that of the highest cooling equipment in the system.
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13.8.8 The operating pressure on the closed cycle side in the closed cycle cooling water heat
exchanger should be greater than that on the open cycle side.

13.9 Condenser and auxiliary facilities

13.9.1 Configuration of the condenser washing device should consider and meet the following
provisions:

a) In a through water supply system, if high sand content is contained in the water and the
pipes are free of scaling or sedimentation, a rubber ball washing device should not be used.

b) If suspended sundries are contained in the cooling water and are prone to form one-way
blocking, a back washing device should be used

c) Fon a surface condenser of indirect air cooling system, a rubber ball washing device/should
not|be used.

13.10 Regenerative system

13.10.1 Hybrid heaters should be used in the deaerator, while surface heaters should be used
in othelr regenerative heaters.

13.10.2 For high pressure heaters and low pressure heaters, the decision on using joverall
bypasq or individual bypass should be made according to thed{reliability of the heatgrs and
operatfon economy of the steam turbine generator unit.

13.10.3 When calculating the heat transfer area for theshigh pressure heaters and low pressure
heatery, the needs of the various operating conditions of the steam turbine should be
considpered.

14 Layout of solar field

14.1 [General layout of solar field

14.1.1 | The general layout of the-solar field should minimize heat losses and hydraulic |osses.
Rectarngular layout is preferrable; The topography of the site should also be considered

14.1.2| The solar field should be arranged in subfields according to site shape, collector
direction, loop quantity.'and type.

14.1.3| The solar field should use the flat slope layout. The slope of the site should meet the
layout requirement of the collectors. In case of high natural slope, terrace arrangement can be
used for solarfield layout.

14.1.4| “The vertical layout of the solar field should be designed considering procesk flow,
engineering geology, hydrology, meteorology, civil work and foundation treatment, and the
following provisions should be met:

a) The maximum slope and orientation of the collector loops shall meet the requirements of
IEC 62862-3-2.

b) Road and site draining facilities should match the minimum slope and direction of the site,
and should be determined according to local precipitation and soil characteristics on-site.

14.1.5 Outgoing line and pipe racks should be arranged overhead along the roadside, and
their shading on the solar field should be considered.

14.1.6 Wires and cables inside the solar field may be laid overhead, by trench or by burying.
Wires and cables should not be laid in the same trench with other pipelines.

14.1.7 HTF pipelines inside the solar field should be arranged overhead at a low elevation.
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14.2 Layout of collectors and HTF pipelines

14.2.1 The layout of the collectors should meet the process requirement of the solar field.
The orientation of the collectors should be optimized and determined based on geographical
latitude, DNI resource and solar multiple.

14.2.2 The layout of the collector loops should consider interacted shading effects.

14.2.3 The spacing between the collector loops should be determined through techno-
economic comparison considering site latitude, DNI, solar multiple, available land area,
collector aperture and tracking angles.

14.2.4 The collector loop should be symmetrically arranged along the cold and hot header
pipes aof the HTF in each subfield. The maximum slope along the collector axis direction [should
meet the technical specifications of the collectors.

14.2.5| The layout of the HTF header pipes and the collector loops should-meet the inspfection,
operatjon and maintenance requirements of the collectors.

14.3 Wind and sand protection

14.3.1| Wind and sand protection measures for the solar field\should be determined through
technoteconomic evaluation based on the layout of the collectors and meteorological conditions
of the $ite.

14.3.2| Fences for wind and sand protection should\be anti-tearing and anti-dropping.

15 Layout of power block

15.1 [General

15.1.1| The power block includes central control building (room), HTF tank area, thermal
storag¢ area, steam generator area; steam turbine hall, power distribution area, chemical water
worksHop, auxiliary boiler workshop, other auxiliary production facilities.

15.1.2| The general layoutof the power block should follow the principle of reasonable process
flow, operall planningrand overall coordination. All production facilities and systems functions
should| be combined, with clear zoning, compact and reasonable layout according tp local
conditipns, in order to meet the requirements for fire prevention, explosion profection,
enviropmental protection, occupational health and safety. The layout of buildings or strdictures
inside the power block should meet the following provisions:

a) Thepower block should be arranged in the proper position of the plant. When using direct
air wmmmm i i it i i eration

and the main workshop direction should be considered. Thermal storage area, steam turbine
hall and steam generator area should be located in the region with even stratum and high
bearing capacity for foundation.

b) The layout of the power distribution area should be convenient for incoming line and
outgoing line, and should avoid interference as much as possible.

c) Except for transportation by pipelines, loading and unloading areas for auxiliary fuel should
be properly designed according to the specific fuel type. The auxiliary fuel shall be stored
in separate zones.

d) HTF expansion and ullage area, and natural gas storage facilities shall be located in the
upstream side of minimum frequency wind direction all year round from the steam turbine
hall in the power block, and pollution to off-site residential areas shall be avoided.
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15.1.3 The layout of the cooling facilities should meet the following provisions:

a)

When using a natural ventilation wet cooling tower or natural ventilation indirect air cooling
tower, the cooling tower should be located close to the steam turbine hall considering
topographical and geological conditions, and it should not cause shadow or shelter on the
surrounding collectors.

When using an air cooling condenser, the orientation of the direct air cooling platform
should be comprehensively determined according to area of the platform, predominant wind
direction, wind speed and wind frequency on the top of the steam distribution pipe all year
round, in summer and during high temperature windy days, as well as safe and economic
operation of the steam turbine generator unit.

VV an alr onalin ndaoncar tha oriantoti~ of tha ovhauct cta ninao -Fv-Dm the
) uullly oo uuullllv €oRaeRsSerthe—oerHeRtatHeR—oe+the—exAaust-Ssteam PTee—

stepm turbine should be considered during the layout design of the direct air| tooling
platform. The transformer, electric power distribution room and storage tank fortrahgformer
oil may be arranged under the platform, taking into account sufficient space fortrangformer
trapsportation, installation, fire fighting and overhaul.

Whlen using mechanical ventilation for indirect cooling tower, the air inlet-of the one-gide air
intgke tower should face predominant wind direction in summer, and\the air inlet of the two-
side air intake tower should be parallel to predominant wind direction’in summer.

15.1.4| Vehicle roads, fire lanes and sidewalks shall be set between buildings in the| power
block, ps per production, living and fire fighting purposes, and\the following provisions [should

be mef:

a)

Foil steam turbine hall and steam generator area, HTF)tank area, thermal storage arga, fuel
oil tank area, natural gas storage facility area_and outdoor power distribution area, an
annular fire lane should be used. If it is difficult to'use the annular fire lane, a dead gnd fire
lane may be used along the long side and a turtiing lane or turnaround yard should also be
usgd. The turnaround area should be at‘east 12 m x 12 m, and should be af least
15 m x 15 m when it is for the use of large*fire fighting vehicles.

The¢ width of the fire lane in the power block should be at least 4 m. If the pipe qupport
stricture, trestle bridge and other obstacles are above the road, the headroom shall be at
leapt 4 m.

Thttjtravel lane of the main read in the power block should be 6 m wide, and the secpndary
road shall be 3,5 m to 4 m wide. The width of the approach road to the building entrance
shquld be in line with the width of the gate.

15.1.5| The vertical Jayout of the power block should be designed considering process flow,
enginefering geology,“hydrology, meteorology, civil work and foundation treatment, and the

following provisionds-should be met:

The determination of elevation for all buildings (structures) and roads should meet
pruction requirements The elevation of above ground and underground [facility
uld be
er, and

convenience for expansion and mamtenance

The minimum slope and orientation of the power block should facilitate quick discharge of
surface water. The location of gutter inlet in buildings, roads and site should be determined
according to the local precipitation and soil conditions on-site.

If the power block has great variation in topography, taking into account meeting process
requirements, a terrace layout may be used. HTF process requirements, transportation
convenience and underground facility layout should be considered when dividing terraces.
In the junction between two terraces, protection measures for slope stability should be fully
considered according to local geological conditions.

The water draining system of the power block should be designed with comprehensive
consideration of topography, geology, hydrology, meteorology, underground water level,
etc.
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15.1.6 The layout of power block pipelines should meet the following provisions:

a)

b)

15.1.7| Pipeline laying methods in the power block should meét'the following provisions:

a)

b)

c)

d)

e)

f)

g)

Main pipe racks, pipelines and ditches in the power block should be planned in a harmonized
way and arranged in a centralized manner, reserving a reasonable pipeline corridor.

The process flow is reasonable and convenient for construction, inspection and
maintenance.

Pipeline malfunctions shall not incur secondary disaster. Neither waste water nor harmful
and flammable gas shall penetrate living water pipelines, or permeat other ditches or
basement.

Mechanical damage or corrosion should be avoided.

Fr n7ing of qullid inside the pipnlinne should be avoided

Suiface water, underground water and water from other pipe ditches should berpreyvented
from seeping into cable trenches or tunnels.

Cable trenches and tunnels should be equipped with reliable water collecting*and draining
facllities.

A flrewall should be used at the location where cable trenches or cable tunnels enfer into
buildings, or at a proper distance or interval. A firewall in the ecable tunnels shquld be
provided with a fireproof door.

In gase of overhead laying, a comprehensive pipe rack-should be used. In the region| where
it ig unfavourable for underground pipe ditches because of high underground watef level,
corfosive soil or shallow bedrock burial depth, a comprehensive pipe rack is preferrgd.

The¢ feedwater pipeline, rainwater and waste water drainage pipeline for production], living
and fire fighting should be laid underground.

The compressed air pipeline, auxiliary fuelkpipeline, natural gas pipeline, and steam plipeline
shquld be laid overhead. An HTF pipeline should be laid overhead considering drainage
requirements.

Anfacidic and alkaline liquid pipeline may be laid overhead or in a ditch. If there is a|risk of
deterioration of the disaster in‘case of failure, such pipelines should not be laid in the same
ditgh.

Depending on specific conditions, cables in the power block may be laid overhead, in french,
in funnel, in duct or by burying. The cables should not be laid in the same ditch with other
pipelines.

Pipe racks, pipelines and ditches should be arranged along the roadside. Underground
pipelines and-ditches should be laid outside the travel lanes of the road.

Flammable.and explosive pipelines should not be laid on unrelated buildings.

15.1.8| Horizontal spacing between ditches, underground pipes, buildings, roads and other
pipelingsyand vertical spacing for pipe crossing should be determined on the basis of burying
depth of the underground pipelines and ditches, building foundation structure and construction,
as well as overhaul requirements.

15.2 Layout of heat transfer facilities

15.2.1 Heat transfer facilities include HTF main pumps, anti-freezing pumps, expansion tank,
overflow tank(s), overflow pumps, buffer tank (if any), ullage system and HTF heaters.

15.2.2 Discharge head, flow rate and fireproof requirements should be comprehensively
considered for the main pumps and anti-freezing pumps. The layout of such pumps should be
centralized.
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15.2.3 The expansion tank, overflow tank(s) and ullage system should be located in the same
area. Buffer tank(s), if any, should be located near the steam generator. Land saving, short
piping and easy operation and maintenance should be considered for the layout of expansion
tank, overflow tank(s) and buffer tank(s).

15.2.4 For the layout of HTF heater(s), convenient piping for the auxiliary fuel and HTF should
be considered. The HTF heater(s) should be located close to other HTF facilities.

15.3 Layout of thermal storage facilities

15.3.1 Thermal storage facilities include molten salt tanks, HTF-molten salt heat exchangers,
molten salt pumps, pipelines and valves

15.3.2( The HTF-molten salt heat exchanger should be installed at a height appropriate to its
type, gconomy and simplicity, as well as with simple and feasible draining and discharfjing of
the hept exchange media. The HTF-molten salt heat exchangers should be_located b¢tween
the cold salt tank and the hot salt tank.

15.3.3 The hot salt pumps and cold salt pumps should be located abeve the corresponding
molten| salt tanks and close to the HTF-molten salt heat exchangers, supported |by an
independent platform.

15.3.4| The molten salt tanks and HTF-molten salt heat)exchangers should be located
outdodrs. In extreme climate regions, the HTF-molten salt heat exchangers may be located
indoorg based on technical and economic evaluation.

15.3.5| Overhaul platforms should be installed*fer valves and other places which fequire
operatjon and maintenance.

15.3.6| In the molten salt tank area, barriers for leakage prevention should be installed.

15.4 | ayout of steam generation‘facilities

15.4.1| The steam generation-facilities should be arranged near the steam turbine hall

15.4.2| The steam generation facilities may be arranged at different elevations, reserving
sufficignt space for ovethaul.

15.4.3| Overhaul ‘platforms should be installed for valves and other places which fequire
operation and maintenance.

15.4.4] The/HTF main pumps and anti-freezing pumps should be located close to the|steam
genergtion’facilities.

15.5 Layout of steam turbine hall and central control building

15.5.1 For the layout of the steam turbine hall, process flow requirements should be
considered. Equipment arrangements should be compact and logical, and the pipeline
connection should be short and neat.

15.5.2 In extreme cold climate regions, steam turbine, regenerative heaters, feedwater pumps,
condensate pumps and other auxiliary equipment may be located indoors. Protective measures
against fire, explosion, corrosion, freezing and toxin should be considered for special equipment
as required.

15.5.3 The layout of the steam turbine hall should be determined through techno-economic
evaluation according to natural conditions, overall planning and main and auxiliary equipment
features and construction site, expansion conditions and other factors.
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15.5.4 The layout of the steam turbine hall should be determined according to process flow
requirements in the plant area and within main workshops, as well as expanding potential of
the plant capacity. At the initial stage of planning and construction, necessity and feasibility of
the plant expanding potential should be fully demonstrated.

15.5.5 In the steam turbine hall, necessary overhaul hoisting facilities, overhaul area and
transportation channel for overhauls should be considered.

15.5.6 If using axial or lateral direction for exhausting, the steam turbine should be installed
at a low elevation. If using vertically downward direction for exhausting, the steam turbine
should be installed at a high elevation.

15.5.7| The layout of auxiliary equipment should meet the following provisions:

a) The¢ main lubricating oil tank, oil pump, oil cooler and other equipment of the.steam furbine
shquld be arranged at 0 m level in the steam turbine hall and should be far,away from high
tenjperature pipelines.

b) Fir¢proof measures should be considered for the main lubricating ojl, tank and oil sygtem of
thel steam turbine. An emergency oil tank (pit) should be installed at a proper position
oufside the main workshop, and its installation elevation and piping design should mget the
requirement of smooth drainage of the oil in case of emergency. The volume |of the
emergency oil tank (pit) should not be less than the oil volume“for the largest steam turbine.
The emergency oil drain valve should be arranged in a safe position convenient fof quick
opgration, and should be accessible through two passages.

c) Deagerator feedwater tanks should be installed af/an elevation to prevent the feedwater
pumps from cavitation under various working conditions.

d) If dpplicable, condenser rubber ball washing devices should be arranged beside the wet
coqgling condenser.

15.5.8| There should be a central controbtoom for the whole plant.

15.5.9| The central control room should be located in the central control building closq to the
steam fturbine hall side, or in an independent central control building. The central contro| room,
electronic equipment room, cable-interlayer, air-conditioning equipment and other process and
living facilities in the central control building should be arranged by section. Favourable air-
conditipning, lighting, dust\ proof, anti-vibration and noise prevention measures sholuld be
considpred.

15.5.19 There should be at least two entrances for the central control building and the pentral
control room.

15.6 |ayout of auxiliary fuel facilities

15.6.1 —Auxitiary poiter(s)shoutd—be tocatedTear the steam turbime fratt—anmd—the™ steam
generation system.

15.6.2 The layout of facilities in the auxiliary boiler workshop should be determined according
to auxiliary fuel type and boiler evaporation.

15.6.3 Favourable ventilation should be ensured for the diesel generator room. The diesel
generator should not be affected by rainwater, snow and excessive high temperatures.
Convenient electrical connection should be considered.

15.6.4 Anti-freezing heater(s) for the HTF should be located near the HTF area.

15.6.5 The melting system for the molten salt during the commissioning stage should be
located close to the molten salt tank area.
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15.7 Maintenance facilities

15.7.1

The overhaul area of the steam turbine should meet the following provisions:

a) The overhaul area in the steam turbine hall should have sufficient space to meet the
overhaul requirement of the steam turbine generator unit.

b) When using a large platform for the operation floor of the steam turbine hall, at least one
installation and overhaul area should be considered for every two steam turbines. Its size
may be determined according to the requirements of large piece hoisting and steam turbine

cyli

nder turnover.

c) When using island-type layout, at least one overhaul area should be considered for every

tw

ent

b) The hoisting capacity should be determined as per the heaviest piecge, to be hosted

ov{g

c) The elevation of the crane rail top surface should meet the requirement of maximum h

hei

d) The expanding restrictions of the steam turbine hall are fiot*considered when deter
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16 Electrical equipment and system

16.1 Generator and main transformer

16.1.1

16.1.2

Generator and excitation systems should meet the requirements of IEC 60034-1 and
of the IEC 60034-16 series.

When the transformer operates normally and transmits rated power continuously, the
average temperature rise of the windings shall not exceed the value specified in IEC 60076-2.
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16.2 Main wiring

16.2.1 One generator should be connected to one main transformer. Circuit breakers or load
switches should be installed between the generator and the transformer.

16.2.2 The neutral grounding method of the generator can be non-grounding or grounding via
high resistance or arc-suppressing coil.

16.2.3 The neutral grounding method of the main transformer should be determined according
to rated voltage and requirements of the local grid. Isolators should be installed when using
grounding or grounding via arc-suppressing coil.

16.3 lAC auxiliary power system

16.3.1| The voltage classes of the auxiliary power should meet the relevant'provisfons of
IEC 60038.

16.3.2| If one generator is connected to one main transformer, the high-vieltage auxiliaryl power
systen] should be connected to the low voltage side of the main transformer. When ysing a
generdtor circuit breaker, auxiliary branches should be connected bétwéen the transformer and
such bfeaker.

16.3.3| The plant should have an AC emergency power(supply. The voltage and peutral
grounding method of the AC emergency power supply.‘should be consistent with the high-
voltage¢ or low-voltage AC auxiliary power system.

16.4 High-voltage distribution devices

High-vpltage distribution devices should be designed to conform to IEC TS 60815-1.

16.5 PC system

16.5.1| Key components of DC systems should meet the relevant provisions of IEC 6p086-1
and IE[C 62040-1.

16.5.2| Batteries should be installed as a DC system to supply power for both DC control load
and power load.

16.5.3| One steam'turbine generator unit should have one DC system to supply power fpr both
DC control loadand power load. Depending on the capacity of the steam turbine and
configyration of the control system, one unit may have two DC systems if necessary.

16.5.4| . When distribution systems in the solar field are far away from the steam turbipe hall

b t o DNC noweor o comnlata ot ~Af NC cvctam chald ha a aditaocunnh, ~ovaar f b th
ut requite-BGpower—a-completesetef BGsystemshewtd-be ed-te-supphrpowerfor bo

DC control load and power load.

16.6 Electrical monitoring and control

16.6.1 The following equipment or elements shall be monitored and controlled on the
distributed control system or programmable logic controller:

a) generator, main transformer or generator-transformer group;

b) excitation system of the generator;

c) high-voltage auxiliary power system, including high-voltage operating transformer and high-
voltage start-up/standby transformer;

d) high-voltage auxiliary transmission line;
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e) low-voltage auxiliary transformer and low-voltage bus section circuit breaker in the steam
turbine hall;

f) low-voltage standby transformer and standby power supply in the steam turbine hall;

g) power supplies of the collector system and the thermal energy storage system;

h) fire-fighting pumps.

16.6.2 The following equipment or elements should be monitored on the distributed control
system or programmable logic controller:

a) DC system;

b) AC uninterrupted power supply;

c) diepel or natural gas generator unit.

16.6.3| The following equipment or elements of the electrical switchgear should be mohitored
and controlled on the power grid monitoring system:

a) bug-tie breaker, bus section breaker and reactor;
b) high-voltage lines;

c) intgrconnecting transformer (if any).
16.7 Relay protection and safety automation devices

The relay protection of the generator, transformer as well@s electrical equipment and el¢ments
of the [high-voltage and low-voltage auxiliary power systems should conform to the r¢levant
provisipns of IEC 60255-1.

16.8 Lighting system

The lighting system should have separate.power supplies for normal lighting and emefrgency
lighting, and should meet the requirements’of the ISO 8995 series.

16.9 [Cable selection and cable laying

Cable pelection and cable laying*should meet the relevant provisions of IEC 60183.

16.10 Pvervoltage protection and grounding system

16.10.1 Overvoltage protection devices should meet the relevant requirements of IEC 6(4071-1,
IEC 60071-2 andAE€ 62305-1.

16.10.2 AC-grounding systems should meet the relevant provisions of the IEC 60479|series
and IEC 62271-1.

16.10.3 A main grounding network may be used for all electrical equipment and facilities with
different functions and different voltages in the plant. All types of grounding networks should
be connected to the main grounding network.

17 Water treatment system

17.1 Water quality and pretreatment

The water treatment system should be designed according to all available water quality analyses
of for the water source in recent years. Such analyses can be subject to local standards and
requirements.
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17.2 Water pre-desalination

The treatment process for the water pre-desalination should be designed according to the type
of water source and the water quality.

17.3 Demineralized water treatment

17.3.1  The design of the demineralization water treatment system should consider quality of
the incoming water, water and steam quality criteria and consumption rate of the steam cycle,
supply conditions of the dosing equipment and chemicals, as well as requirements for
environmental protection.

17.3.2 L The capacity of the demineralized water treatment system should match the feedwater
amounft considering normal water and steam losses. Various types of normal water‘and| steam
losses|should be selected according to Table 1.

Table 1 — Various types of normal water and steam losses
for a parabolic-trough solar thermal power plant

No. Type Normal(losses
1 Water and steam circulation loss 2 % to 3 % of\BMCR evaporation
2 Blow down loss of steam generator As per calculation ‘or data from steam generator

manufacturer;"but at least 0,3 %. Blow down
percentagé,should not exceed 1 % for power-
generatioh-only steam turbine and 2 % for
cogeneration steam turbine.

3 Hot water loss in closed cycle cooling 0,5,%te*1 % of circulating water flowrate, or as per
water system specific engineering condition.
4 Recirculating cooling water loss of Average loss 3 t/h

indirect air cooling system

5 Collector cleaning water loss (optionatl) Average 0,7 I/m?2 per cleaning

17.3.3 | lon-exchange, combination of pre-desalination and ion-exchange, or combination of
pre-desalination and electro-deionization may be used for the demineralized water tregtment.
The trgatment process should. be determined through techno-economic evaluation according to
specifit local conditions. Sl acids and alkalis are in short supply, the treatment progess is
restricled by local enyvironmental protection, or the plant is power generation only insfead of
cogengration, a combination of pre-desalination and electro-deionization should be selgcted.

17.3.4| Desigh of the demineralization system and selection of the equipment can be subject
to releyant local standards and requirements.

17.4 Condensed water fine treatment

17.41 The condensed water fine treatment system should be designed according to
specifications, start-up frequency and cooling method of the steam turbine, and should meet
the following provisions:

a) De-ironing equipment without redundant design should be installed for the steam turbine
generator unit using wet cooling, direct air cooling or indirect air-cooling with surface
condenser.

b) De-ironing and demineralization equipment should be installed for the steam turbine
generator unit using indirect air cooling with combined condenser. Demineralization
equipment should be designed with redundancy, while de-ironing equipment should not.

17.4.2 The capacity of the condensed water fine treatment system should match the maximum
flow rate of condensate pumps. The design pressure of the condensed water fine treatment
system should be determined as per the shut-off pressure of the condensate pumps.
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17.4.3 Each steam turbine generator unit should have one condensed water fine treatment
system. The resin of the condensed water fine treatment system should be regenerated by an
external regeneration method. A set-up using two units sharing one set of regeneration device is
preferred.

17.5 Chemical dosing and water and steam sampling

17.5.1 Chemical dosing facilities should be installed in the water treatment system for the
steam cycle, according to the steam generator type, steam cycle parameters and hydro-
chemical working conditions.

17.5.2
installgd in the steam cycle.

uld be

17.6 ooling water treatment

17.6.1| The cooling water treatment system should be determined through techno-ecpnomic
evaluation according to the cooling method, water balance and cooling water,quality of the plant.
Water freatment technology should be selected considering water conservation, environmental
protecfion, as well as prevention of fouling, corrosion, algal-bacterialand aquatic organism
breeding.

17.6.2 | The concentration ratio for the circulating water supply system should be determined
based |upon environmental protection requirements, wdter” quantity balance, water |quality
balance and feedwater source. When using seawater as)feedwater source, the concerjtration
ratio should be at least 1,5 to 2. Otherwise, it should bédat least 3,5.

17.7 C[Lollector cleaning water treatment

17.7.1] Collector cleaning water should. be softened water, reverse osmosis w3ater or
demingralized water.

17.7.2] When using reverse osmosis water or demineralized water as cleaning watgr, the
collectpr cleaning water treatmentsystem and the demineralized water treatment system|should
be combined. When combining)‘the capacity of the demineralized water treatment $ystem
should|meet the following provisions:

a) The increased outpat)of the water treatment system accumulated during the time interval
between two collector cleaning batches should meet the water consumption requiremnient for
ong collector cleaning batch.

b) The¢ increased volume of the demineralized water tank should meet the required water
voliime farwone collector cleaning batch.

17.8 aste water treatment

The waste water treatment system should be designed according to category, property, quantity,
recycling conditions and discharge quality requirement of the waste water. After treatment,
waste water can be recycled or discharged if meeting local discharge standards.

17.9 Chemical storage

17.9.1 The warehouse for storing chemicals for water treatment should be designed according
to consumption, supply and transportation of the chemicals.

17.9.2 The arrangement of the chemical storage facilities should be convenient for
transportation, loading and unloading. Safety protection and ventilation facilities with proper
anti-corrosion measures should be installed inside the chemical warehouse.
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18 Instrumentation and control

18.1 General

18.1.1 The instrumentation and control system should be designed to meet the requirements
of safe and economic operation, as well as start-up/shutdown control of the plant.

18.1.2 The computer-based control system should take security measures against hackers,
viruses, malicious codes and illegal operations.

18.2 Automation level

18.2.1| The automation level of the plant should be determined according to its position in the
local grid, specifications of the steam turbine, as well as the expected operation management
level of the plant.

18.2.2| Automation levels of the solar field, collector system, thermal energy storage system,
heat exchange system and steam turbine generator unit should be consistent with each other.
All systems should be designed to such an extent that operator stations’in the central fontrol
room dan monitor and control start-up, shutdown and normal operation of the plant, as well as
handlelany malfunctions with the help of patrol inspection and localloperation.

18.3 [Lontrol mode and control room

18.3.1| The control mode should be determined on the,basis of construction scale, automation
level gnd actual operation management mode. Centralized control should be used.| There
should|be a central control room for the whole plant:

18.3.2| The steam turbine generator unit and auxiliary systems should use a cenfralized
control mode provided by a control system-located in the central control room. Local tefminals
used fpr commissioning during start-upsdmalfunction and inspection may be installed|in the
auxilialy systems.

18.3.3| The central control room and electronic equipment room should meet the fol|lowing
provisipns:

a) The central control ré6em should be arranged on the basis of plant design capac|ty and
number of steam turbine generator units.
b) The electronic_‘'equipment room may use a centralized or decentralized arrangement
acdording to€guipment needs.

18.3.4| Thesdesign of the central control room should meet the requirements of ISO 11064-6
and ISP 11064-3.

18.4 Measurement and instrumentation
18.4.1 Measurement devices and instrumentation should be designed in order to:

a) detect and display operation parameters and conditions of the process system;

b) coordinate with instrumentation supplied together with the main and auxiliary equipment, in
order to avoid any repetition;

c) provide instrumentation with parameters under normal operation, start-up/shutdown,
malfunction and emergency conditions;

d) provide remote instrumentation for parameters which are necessary to be monitored and
controlled during plant operation;

e) provide local instrumentation for parameters which are necessary for patrol inspection and
local operation;
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