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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR THE HOSTING CAPACITY EVALUATION OF
DISTRIBUTION NETWORKS FOR DISTRIBUTED ENERGY RESOURCES

FOREWORD

1) The International Electrotechnical Commissmn (IEC) |s a worIdW|de organization for standardization comprismg
all ng T rnational
co-off erat|on on aII quest|ons concerning standardlzat|on in the electrlcal and electromc fields. To this|end and
in adfition to other activities, IEC publishes International Standards, Technical Specifications, Techhical |Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)[). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the'subject dealt with
may participate in this preparatory work. International, governmental and non-governmentalorganizationp liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Stanglardization (ISO) in accordance with conditions determined by agreement betwegen the two organizptions.

2) The formal decisions or agreements of IEC on technical matters express, as nearly.as possible, an intefnational
consensus of opinion on the relevant subjects since each technical committee “has representation|from all
interg¢sted IEC National Committees.

3) IEC Publications have the form of recommendations for international use’and are accepted by IEC |National
Compnittees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or| for any

4) In onder to promote international uniformity, IEC National Committees undertake to apply IEC Pullications
transparently to the maximum extent possible in their nationalkand regional publications. Any divergence |between
any IEC Publication and the corresponding national or regional' publication shall be clearly indicated in the latter.

5) IEC {tself does not provide any attestation of conformity. Independent certification bodies provide cgnformity
assepsment services and, in some areas, access to(MEC marks of conformity. IEC is not responsiblg for any
servites carried out by independent certification bodies.

6) All ugers should ensure that they have the latestedition of this publication.

7) No ligbility shall attach to IEC or its directors; employees, servants or agents including individual exgerts and
mempers of its technical committees and/[EC National Committees for any personal injury, property dgmage or
othel damage of any nature whatsoever, whether direct or indirect, or for costs (including legal f¢es) and
expepses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publicjtions is
indispensable for the correct.application of this publication.

9) IEC fraws attention to~the’/ possibility that the implementation of this document may involve the uge of (a)
patent(s). IEC takes no\position concerning the evidence, validity or applicability of any claimed patent|rights in
respgct thereof. As«af\the date of publication of this document, IEC had not received notice of (a) patent(g), which
may pe required4o-implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.ie¢.ch. IEC
shall|not be<held responsible for identifying any or all such patent rights.

IEC T§ 63276 has been prepared by Subcommittee 8B: Decentralized electrical [energy

£ 1O T o | e HY S o. O % + £ ] fact 1 ] 1
Systemo, A\ I | == g rourmmiear CUTTmmmtit T U Iy olTlIlT dopP TlLLlo UT TITLUTLATl TITTTYYy oUPYMIYy. It IS a

Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

8B/212/DTS 8B/225/RVDTS

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 Technical Specification 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/publications.

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 reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that if contains colours which are considered to be useful for the correct understanding
of its|contents. Users should therefore print this document using a‘colour printer.
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GUIDELINES FOR THE HOSTING CAPACITY EVALUATION OF

C 2024

DISTRIBUTION NETWORKS FOR DISTRIBUTED ENERGY RESOURCES

1 Scope

This document specifies methods for the evaluation of the maximum export capacity of
distributed energy resources (DER) that distribution networks can accommodate. It provides
guidance on the technical constraints that should be considered in evaluating hosting capacity,

inform4
method

This dg

This dd
by the

nationd
describ

Option

considg¢red, although the identification of constraints:to‘the hosting capacity will assist U

develo

This dg
with cd
investo

2 No

The fol

constitlites requirements-ofithis document. For dated references, only the edition cited &

For un
amend

IEC 60

IEC 60

S.

ed in this document.

5 for increasing the hosting capacity of distnibution networks are not spe

bing methods for increasing the overall hosting capacity.

cument is mainly used by distribution system operators (DSO) and other organi
rresponding qualifications and capabilities. The evaluation results can serve th
rs, DSO, energy sector regulators’and other stakeholders as a decision-making

rmative references

owing documents are referred to in the text in such a way that some or all of their

ments) applies.
P55 (all parts), Measuring relays and protection equipment

B64 (all parts), Low-voltage electrical installations

tion required to be collected to undertake a hosting capacity evaluation, and evgluation

cument is applicable to AC distribution networks operating at a nominal* frequéncy of
50 Hz ¢r 60 Hz.

cument does not specify allowable values of system parameters that can be impacted
addition of DER on a distribution network, such as maximum or minimum \oltage,
maximyim current, etc. These values are to be determined by the user, from internati

pnal or

| standards, local regulations or the like, and used as antinput to the evaluation methods

cifically
sers in

vations
e DER
basis.

content
pplies.

dated references; the latest edition of the referenced document (including any

IEC 60834-1, Teleprotection equipment of power systems — Performance and testing — Part 1:
Command systems

IEC 60909-0, Short-circuit currents in three-phase a.c. systems — Part 0: Calculation of currents

IEC 61000 (all parts), Electromagnetic compatibility (EMC)

IEC 61400-27-1, Wind energy generation systems — Part 27-1: Electrical simulation models —
Generic models

IEC 61936-1, Power installations exceeding 1 kV AC and 1,5 kV DC — Part 1: AC
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IEC TS 62749, Assessment of power quality — Characteristics of electricity supplied by public
networks

IEC TS 62786-1, Distributed energy resources connection with the grid — Part 1: General

require

ments

IEEE 1547.4, Guide for Design, Operation, and Integration of Distributed Resource Island
Systems with Electric Power Systems

3 Te

rms and definitions

For the

ISO ar
addres

e |EG
e |ISC

For the

3.1
distrib
DER

purposes of this document, the following terms and definitions apply.

d IEC maintain terminology databases for use in standardization at- the fo
5es:

Electropedia: available at https://www.electropedia.org/

Online browsing platform: available at https://www.iso.org/obp

purposes of this document, the following terms and definitions apply.

uted energy resources

generators (with their auxiliaries, protection and connection equipment), including loads

a gene
a medi

[SOUR
abbrev

3.2
hostin

rating mode (such as electrical energy storage systems), connected to a low-vol
im-voltage network

CE: IEC 60050-617:2017, 617-04+20, modified — "pl" was deleted from the te
ated term.]

j capacity

maximl@im export capacity of. DER that the distribution network can accommodate, un

conditi

3.3

distrib
electria
a distri

bn that the distribution network operates safely and reliably

ution network
power petwork for the distribution of electric power from and to network users fo
pution_system operator (DSO) is responsible

[SOUR

CEvIEC TS 62786:2017, 3.4]

llowing

having
tage or

'm and

der the

r which

3.4
distrib
DSO
party o

ution system operator

perating a distribution network

[SOURCE: IEC 60050-617:2009, 617-02-10, modified — "distribution network operator" and

"distrib

utor" were deleted from the equivalent terms.]
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reverse load rate
ratio of reverse active power through a transformer, line, cable, etc. to its actual maximum
operating capacity

Note 1 to entry: Reverse direction of power flow is from downstream to upstream.

Note 2 to entry:

climate.

3.6

thermal rating
ability of electrical equipment to bear the thermal effect of current in long-time operation

The actual maximum operating capacity of a transformer, line, cable, etc. is affected by aging and

3.7
short-g
electria

[SOUR

3.8

tircuit current
current in a given short-circuit

CE: IEC 60050-614:2016, 614-02-03]

voltage deviation

differer
[SOUR

3.9
harmo
sinusoi
of the

[SOUR

3.10

ce between the supply voltage at a given instant and the declared supply voltag
CE: IEC 60050-614:2016, 614-01-04]
nic voltage

dal voltage with a frequency equal to ansinteger multiple of the fundamental fre
oltage

CE: IEC 60050-614:2016, 614-01-14]

voltage unbalance

ina po
angles

[SOUR

yphase system, a condition in which the RMS values of the phase voltages or thg
between consecutive'phases are not all equal

CE: IEC 60050-161:1990, 161-08-09, modified — "voltage imbalance" was deleted

equivalent terms{]

[0

quency

phase

for the

4 Bjsic requirements of the evaluation

4.1 Evaluation principle

The evaluation is to guide the development of DER to match the current situation and future
development of distribution network. Therefore, the evaluation should be carried out to identify
the hosting capacity of a distribution network while ensuring the safe and reliable operation of
distribution network. The objective is to provide a reference for the planning, designing,
reconstructing and operating of DER and distribution network.

The hosting capacity of a certain voltage level should not exceed that of the corresponding
upper level. Therefore, the evaluation should be based on the principle of "hierarchical
evaluation zone by zone", i.e. it should be carried out from the whole to the segment and from
higher-voltage level to lower-voltage level according to the power supply area and voltage level.
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The evaluation should be carried out periodically in synchronization with the analysis of
distribution network operation mode and distribution network planning. The evaluation period
should be appropriately adjusted according to the changes of distribution network structure,
electrical load and power generation, which can be shortened in the distribution network of low
hosting capacity.

4.2 Evaluation scope and objects

The evaluation scope could be the whole distribution network or a part of it, for example, a
control area of DSO or a supply zone of a transformer, etc.

The evaluation objects should include corresponding electrical equipment, including
transfofmers, lines, cables, switching equipment, corresponding relay protection equipment, etc.

4.3 Impact factors
4.3.1 Structure of distribution network

The hosting capacity is directly related to the structure and equipmeént capacity [of the
distribytion network. If the structure of distribution network is strong afid-the equipment cppacity
of distnibution network is large, the corresponding hosting capacity of distribution netyork is
relativdly large.

4.3.2 Composition of existing power generation

The equipment capacity in a distribution network is generally fixed. Other power genleration
transmitted through the same channel as DER in thedistribution network can cause congestion
in certgin parts or sections of infrastructures of determined areas. Therefore, it is necegsary to
conside¢r the composition of the existing power generation when planning additional DER
installations.

4.3.3 DER under construction or approved

Differept nodes in a distribution\lnetwork have different thermal rating margins, yoltage
deviatipns, and short-circuit capacities. As a result, different nodes can support djfferent
capacifies of DER. The additional DER should consider the DER under constructipn and
approved at the specific connection node.

4.3.4 Load characteristics

Consumption including local consumption and delivery of DER should be analysed with the load
distribJtion and its operation curve. The higher the load density of the distribution netyork or
the more similar the shape of the load curve to the DER output curve is, the higher the hosting
capacity is.

5 Evaluation contents

5.1 Thermal rating

The evaluation objects should include transformers, lines, cables, etc. within the evaluation
scope. The reverse load rate 1 should be used as the evaluation index for thermal rating
evaluation.

The reverse load rate 1 should be calculated according to factors such as the distribution
network operation mode, transformers, lines and cables limits, load characteristics, and output
characteristics of DER and other power generations.
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The reverse load rate A should be calculated according to Formula (1).

Ps(t)-R (1)

Mt) = S (t)

(1)

where

Rs(t) is the output of DER and other power sources in the evaluation scope at time ;

R (1) pis-the-elestricaHoadat-time
Se(t) is the actual maximum operating capacity of transformers, lines, cables etex~at time ¢.

The mgximum additional export capacity of DER should be calculated according-to Formula (2).

Pm:(kr_ﬂmax)xse (2)

P, ig the maximum additional export capacity of DER that can be connected to the evaluated
line, cable or transformer;

k. i the allowable reverse load rate;
NOTE £, can be determined by DSO or equipment operators based on grid operation and equipment cond|tions.
max 19 the historical maximum value of reyerse load rate;

Se i3 the actual maximum operating capacity of transformers, lines, cables, etc.
prresponding to Aoy -

Q

5.2 $hort-circuit current

The shprt-circuit current-ofidistribution network can be affected by the connection of DER. If the
existing short-circuit current of distribution network is large, or the interrupting capacity [margin
of swit¢hgear is small,.the additional DER capacity able to be installed can be limited.

The shprt-circuit current should be checked based on the principle that the short-circuit current
of each bus of the distribution network does not exceed the corresponding circuit breaker
breakirlg<«urrent limit after the additional DER are connected. The short-circuit current of the
system i i eration
mode of distribution network, and the capacity of additional DER within the evaluation scope.

Short-circuit current should be checked according to Formula (3).

Ise <Inminb @)

where
1

sc is the short-circuit current of the bus;

Inino i the minimum value of the breaking current limit of all equipment (including circuit
breakers) connected with the bus.
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5.3 Voltage deviation

During the high output period of DER, the downstream power flow of the distribution network
can become lighter or even reversed, which can cause the voltage to exceed the limit. Under
any normal operating conditions, the connection of DER should not cause the voltage of
distribution network to exceed the limit.

The voltage deviation should be checked based on the principle that the voltage does not
exceed the limit after the additional DER are connected. The voltage deviation should meet the
relevant requirements of IEC TS 62749 and IEC TS 62786-1. The voltage of each bus within
the evaluation scope should be checked.

The mgximum positive voltage deviation Uy and the maximum negative voltage deviatipn oU
should|be calculated and checked based on the capacity of additional DER.

The voltage deviation should be checked according to Formula (4) and Formdala“(5).
oUy < AUy (4)

6U|_ <AUL (5)

where

oUy |is the maximum positive voltage deviation;
oUL is the maximum negative voltage deviation;
AUy [is the maximum allowable value of positive voltage deviation;

AU |is the maximum allowable value of negative voltage deviation.

5.4 Harmonic voltage

Harmonic voltage should be checked based on the principle that the harmonic voltage I|mits of
the disfribution network should not be exceeded. The harmonic voltage should meet the relevant
requirements of IEC TS(62749. All nodes affected by harmonic voltage provided by DER|should
be chegked.

Harmonic voltage'should be checked in accordance with Formula (6).

Unvh <Un (6)
where
Unvp is the h-th harmonic voltage;
Uy, is the allowable value of the h-th harmonic voltage.

5.5 Voltage unbalance

The voltage unbalance check should be performed for single-and-three-phase connections of
DER complying with the principle to ensure the unbalance factor of the three-phase voltage in
the distribution network does not exceed the limits. The voltage unbalance should meet the
relevant requirements of IEC 62749 and IEC TS 62786-1. The voltage of each bus within the
evaluation scope should be checked.
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Voltage unbalance should be checked according to Formula (7).

where
guz

&y 2

5.6
The g

and reljable after the connection of additional DER. The protection configuration shoul
accordance with normal operation mode of DER which is decided by the operator of D

DSO.

The cgntent of the protection configuration check is whether/the protection syste

effecti
conne

of typ

equipment of the distribution network should meet the reléevant requirements of IEC 6(
the electromagnetic compatibility configuration should)meet the relevant requirements

IEC 61p00 series; the relay protection configurationishould meet the relevant requirements of

the IE

IEC 60B64 series and IEC 61936-1; the impact of/DER on the network's fault levels, prd
nation, and fault ride-through capability should meet the relevant requiremg¢nts of
IEC 60p09-0, IEC TS 62786-1, IEC 61400-27-1, and IEEE 1547 .4.

coordi

NOTE

6 Data preparation

6.1
6.1.1

Distribdyition network data includes distribution network topology, equivalent impedance,
short-cjrcuit capacity of buses.

6.1.2

a) EqU|pment parameter data of distribution network Includes existing (under construct

is the unbalance factor of negative sequence voltage;

is the allowable value of unbalance factor of negative sequence voltage.

(7)

Protection configuration

oal of protection configuration is to ensure that the distribution network-is 'safe,

vely respond when a fault or abnormal condition ocecurs” when additional I

ical operation modes of the distribution network. ,The configuration of teleprd

¢ 60255 series; the device configuration should meet the relevant requirements

Typical operation modes refer to heavy“oad operation mode, light load operation mode, etc.

Data preparation

Distribution(network

Equipment parameter

secure
d be in
R and

m can
DER is

dgted and operating. The protection configuration check should be carried out on the basis

tection
834-1;
of the

of the
tection

and the

on and

approved) transformer parameters, line parameters, breaking capacity of switchgear, etc.

b) Equipment parameter data of power generators includes existing (under construction and
approved) number and type (synchronous generator, asynchronous generator or converter),
rated power and apparent power, installed capacity, theoretical power output, power factor
adjustment range, etc.

c) Equipment parameter data of energy storage includes the charging/discharging power range

an

d rate, etc.

d) Settings and configuration of protection.
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6.1.3 Operating state

a) Operating state refers to normal operation mode, as well as the operation modes at light
load and heavy load.

b) The operating data of distribution network includes historical data of power generation, load,
charging/discharging power of energy storage, line power flow, bus voltage and harmonic
voltage, etc.

6.1.4 Operating limit

Operating limit data includes thermal rating limit, short-circuit current limit, bus voltage deviation
limit, harmonic voltage allowable value, and voltage unbalance allowable value of the
distribytion network

6.2 ata processing

In order to facilitate the evaluation of hosting capacity, the data of distribution network
performance, equipment parameter, operating state and operating limit céllected in the data
preparation will be classified, sorted and calculated.

Power [generation units of the same zone, type, and attribute will be classified, sorted and
calculated equivalently according to the actual situation of power 'generation installation in the
distribytion network.

Annex A gives detailed sources and uses of data that is needed for hosting capacity evaluation.

7 Evaluation method and process

The evpluation should be carried out in the order of data preparation, calculation and analysis,
grade ¢lassification, and suggestions.

a) Clarify the scope of the distribution network to be evaluated and draw the single-line
diagram.
b) Carry out the evaluation hierarehically from higher-voltage level to lower-voltage leviel. The

c) Carnry out the thermalating analysis and check according to the calculation of the feverse

d) Ifthe reverse load rate of the transformers, lines, cables, etc. calculated according tofstep ¢)
exceeds the allowable reverse load rate, additional DER cannot be connected. Otherwise,

rse load

Re- freot Tati i ce and
protection configuration.

f) In case of failure to pass the check in step e), gradually reduce the capacity of additional
DER that can be connected and repeat step e) until the check is passed. The last value
obtained is the capacity of additional DER.

g) After step f), carry out the evaluation hierarchically to the lower voltage level according to
steps c) to f). Check the calculation results of each voltage level with each other. The check
principle is that the capacity of additional DER of the lower-voltage level should not be
higher than the capacity of additional DER of the corresponding higher-voltage level, so as
to ensure that the calculation results match each other.

h) Hosting capacity equals the capacity of additional DER obtained in step g) plus the capacity
of DER already connected.

Annex B gives the evaluation flowchart.
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8 Evaluation results

Based on the calculation results, this clause will present the hosting capacity, as well as the
corresponding evaluation grade.

The evaluation grade of the hosting capacity should be determined hierarchically zone by zone.
The evaluation grade is defined in Annex C.

The evaluation grade should be determined according to corresponding An,x Short-circuit
current, voltage deviation, harmonic voltage, voltage unbalance and protection configuration,
while considering the coordination between different voltage levels. The evaluation grade of the
lower-oltage Tevel should be Tower than that of the higher-voltage Tevel, otherwise, it shpuld be
degraded to the grade of the corresponding higher-voltage level.

The evaluation results of hosting capacity of distribution network for DER should-include at least
the hogting capacity, evaluation grade, and the result graph.

Annex [C gives a recommendation of evaluation grade classification.

Annex P gives an example of evaluation chart.
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Annex A
(informative)

Sources and uses of data needed for hosting capacity evaluation

Table A.1 shows the detailed sources and uses of data that are needed for hosting capacity
evaluation.

Table A.1 — Data needed for hosting capacity evaluation

No. Data Type Uses Source
Distribution
1 Distribution network topology network Determine the scope of evaluation BSO
performance
. . Distribution -
Hquivalent impedance of Short-circuit current and the
2 PR network L DSO
distribution network voltage deviation check
performance
Distribution
3 Short-circuit capacity of bus network Short-circuit currentcheck DSO
performance
4 Transformer impedance Equipment Sho_rt-_(:lrcmt c\ont and voltage Manufpcturer
parameter deviation check
5 /ctual_ maximum operating Equipment Thermaltating evaluation DSO
dapacity of transformer parameter
6 line current limit Equipment Thermal rating evaluation DSO
parameter
7 lfine impedance Equipment Sho.rt-.czlrcmt current and voltage Manufacturer
parameter deviation check
8 ; re_akmg capacity of the Equipment Short-circuit current check Manufpcturer
qwitchgear parameter
ihformation of alread Eauioment Thermal rating evaluation, short-
9 yo auip circuit current, voltage deviation DSO
donnected power generation parameter
and voltage unbalance check
The charging/discharging Equipment Thermal rating evaluation, short-
10 fdower range and rate of energy auip circuit current, voltage deviation Manufpcturer
parameter
dtorage and voltage unbalance check
4. ) ; .
11 h ettmg_s and configuragibn of Equipment Protection configuration check DSO
drotection parameter
Thermal rating evaluation, short-
12 Qperation mode Operating state circuit current, voltage deviation DSO
and voltage unbalance check
Thermal rating evaluation, voltage
13 Rower-generation Operating state deviation and voltage unbalance DSO
check

Thermal rating evaluation, short-
14 Load Operating state circuit current, voltage deviation DSO
and voltage unbalance check

Charging/discharging power of Thermal rating evaluation, voltage

15 Operating state deviation and voltage unbalance DSO
energy storage

check

Thermal rating evaluation, voltage DSO
16 Line power flow Operating state deviation and voltage unbalance

check
17 Bus voltage Operating state Voltage deviation check DSO
18 Harmonic voltage Operating state Harmonic voltage check DSO

19 Voltage unbalance factor Operating state Voltage unbalance check DSO
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No. Data Type Uses Source
Standard or
20 Short-circuit current limit Operating limit Short-circuit current check local
regulations
Standard or
21 Voltage deviation limit Operating limit Voltage deviation check local
regulations
Harmonic voltage allowable Standard or
22 value 9 Operating limit Harmonic voltage check local
regulations
Voltage unbalance factor Standard or
23 . 9 Operating limit Voltage unbalance check local
allowable value .
Tegutations
DSO qr
24 Reverse load rate allowable Operating limit Thermal rating evaluation equiprnent

Value

Operafors
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Annex B
(normative)

Evaluation process

Clarify the evaluation scope

-

Figure B.1 shows the flowchart of the evaluation process.

Y

Draw the single-line diagram of the distribution
network to be evaluated

Y

Determine the voltage level to be evaluated

-
Y

| Collect the data needed for evaluation

Y

Carry out the thermal rating analysis and check
according to the calculation of reverse load rate
2

max

Is Aax less than &, ?

max

No

Relevant medsures and economic
and téghnical analysis are
necessary'to deal with the reverse
loadyrate exceeding the limit that
can Be caused by the connection of
additional DER

Calculate the capacity of additional DER

Y

Re-check short-circuit current, voltage
deviation, harmonic voltage, voltage unbalance
and protection configuration

Pass the check?

Gradually reduce the capacity of
additional DER that can be
connected

Determine the capacity of additional DER that
can be connected

v

Check the evaluation results of each voltage

level, and update the evaluation results of this |-
voltage level

Is the
evaluation of all the voltage
levels finished?

Yes

Downgrade by one voltage level

_|

Calculate hosting capacity and
determine the evaluation grade of
distribution network

Y

Draw the evaluation result graph of the
distribution network

Y

List the hosting capacity of distribution
network for DER

End

Figure B.1 — Evaluation process

IEC
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Annex C
(normative)

Evaluation grade

IEC TS 63276:2024 © IEC 2024

The evaluation grade can be divided into five grades: green, blue, yellow, orange and red, from
high to low, according to the degree of impact of DER on the distribution network. The evaluation
grade can be divided according to the provisions of Table C.1.

Table C.1 — Evaluation grade

Evaluation

grac}e

Basis

Meaning

Suggestions

=100 % < Jpax < -50 %;

The short-circuit current,

The DER penetration is low,
and the DER are fully

The evaluation procedures (

f DER

Gregn voltage deviation, harmonic consumed locally. The connection@©ansbe simplified, and
voltage, voltage unbalance hosting capacity is DER connggtion is recommgnded.
and protection configuration abundant.
are all qualified.

-50 % < jmax < 0;
The DER penetration is low .
The short-circuit current, and thesepDER are fully The evalluatlon proced.ures ¢f DER
Blug voltage deviation, harmonic consumed locally. The connection sh_ould be in

voltage, voltage unbalance hosting capacity i.s good accordance with Clause 7.
and protection configuration '
are all qualified.
0< jm <05k The reverse power flow of "

- ax e the distribution network Additional DER can be connected.
The short-circuit current, does notéexceed 0,5 k_ of Igr?nz\é?ilgstls%g&Logid#]res qf DER

Yellgw voltage deviation, harmonic the eqliipment, and the accordance with Clause 7. And the
voltage, voltage unbalance distribution network has a operation mode of the dist.ri bution
and protect_ic_)n configuration certair_1 amount of hosting network should be optimized.
are all qualified. capacity.

. The reverse power flow of
0.5k = Jmax < ki the distribution network is éd(iitional D_||5R connec(:jti(()jn S hguld
N e temporarily suspended, gn
The short-circuit current) more than 0,5 k, but less ; PG )
Orange voltage deviation, harmonic than k_of the equipment, besides checking in accordgnce
\ r with Clause 7, special analypis
voltage, voltagesunbalance and the distribution network | should be made of those prgjects
:?g;)”rztjgltil;)igdconflguratlon hﬁStitng capacity is in that do need to connect to the grid.
. shortage.
2k
Amax r The reverse power flow of
Or'any indexes of short- the distribution network is Additional DER connection $hould
Red Gircuit current, voltage more than k_of the be suspended until the distr|{bution
deviation, harmonic voltage, equipment, there are risks network hosting capacity is
voltage unbalance, or with the distribution network | effectively improved.
plUi.Ubi.iUll bUIII’iyuIdiiUll UpCId‘liUII DdIrC‘ly.
exceeds the limit.
NOTE -100 % < Amax <0 means normal direction of power flow is from upstream to downstream,

0= jmax < 100 % means reverse direction of power flow is from downstream to upstream at the moment.
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D.1

Annex D
(informative)

Example of evaluation

Basic information of the example

Taking the distribution network of a city in China as an example, a local 220 kV distribution
network was selected as an evaluation example to calculate the hosting capacity of the
distribution network for DER under a historical typical day. This area is located in the eastern

inland
such a
Consid
value @

The sin
include

35
Transf

gources
wind power Therefore, distributed photovoltaic is mainly considered in this example.
ring the actual situation of the country where the calculation example is(located, the
f k. is 80 %.
gle-line diagram of the distribution network is shown in Figure D.1,-The evaluation scope
s one 220/110/35 kV, one 110/10 kV, two 110/35 kV, and two 356/10 kV transformers.
220 kV Bus |
220 kV Transformer A
35kviBus | 110 kv Bus |
35kV Line | 110 kV Line | 110 kV Line Il
35KV Bus Il 110 kV Bus | 110 kV Bus
1 1
I I I 35 kV line Il
110 kV 110 kV 110 kV
TransformerA~ Transformer B Transformer C
35 kv Bus n 35 kV Bus |
kv
rmer A vV
Transfo mer B
35kV Bus |
10 kV(Bus Il 10 kV Bus | 10 kV Bus | 10 kV Bus Il 10 kV Bus | o
Figure D.1 — Single-line diagram of the example

The historical typical daily load curve on the high-voltage side of the 220 kV transformer in
Figure D.1 is shown in Figure D.2. It can be seen that the minimum load occurred at 13:30,
which is 27,34 MW.
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220 kV Transformer high voltage side load curve
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Figure D.2 — Operation data of typical day

D.2 [Calculation of hosting capacity for DER

Accordang to the principle of hierarchical evaluation from higher'veltage level to lower yoltage
level, the hosting capacity of each bus of 220 kV, 110 kV, 35 k¥ and 10 kV for DER is evaluated
in turn pccording to the process shown in Figure B.1. The results are shown in Table DJ1.

Table D.1 — Sheet of thermal rating evaluation

Evaluated bus (line) va:\{llaex(i)r;l;nlp otrf):r:::‘rr%?rr;itoc:f Amax P, Remarks
G & lines

(MW) Se (MW) (MW)
220 kV|bus | of 220 kV transformer A 27234 180 -0,15 171,34
110 kV|bus | of 220 kV transformer A -24.,44 178,80 -0,14 167,48
35 kV Hus | of 220 kV transformer A -2,64 89,40 -0,03 74,16
110 kV|bus of 110 kV transformer B -9,25 87,64 -0,11 79,36
35k V pus | of 110 kV transformer B -3,85 31,50 -0,12 29,05
10 kV Rus | of 110KV transformer B -1,65 31,50 -0,05 26,85
35 kV Hus A1'of)110 kV transformer C -4,19 50 -0,08 44,19
10 kV bus I of 110 kV transformer C -1,53 50 -0,03 41,53
35 kV bus | of 35 kV transformer B -4,01 31,22 -0,13 28,99
10 kV bus | of 35 kV transformer B -3,07 20 -0,15 19,07
110 kV bus | of 110 kV transformer A -7,16 87,64 -0,08 77,27
10 kV bus | of 110 kV transformer A -3,15 31,5 -0,10 28,35
35 kV bus Il of 35 kV transformer A -1,05 26,98 -0,04 22,63
10 kV bus Il of 35 kV transformer A 2,09 10 0,21 5,91
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Check short-circuit current, voltage deviation, harmonic voltage, voltage unbalance and
protection configuration. Check results are shown in Table D.2 to Table D.4.

Table D.2 — Sheet of short-circuit current check

Short-
The allowable Thceirsct?trt- circuit
Evaluated bus (line) short-circuit current current P Remarks
current value check
value of bus .
(pass/fail)
I, (kA) 1, (KA) (MW)
220 kV bus l aof 220 k\/ trancfarmar A 21 ’1Q Pacec 171 ”1/1
110 kV|bus | of 220 kV transformer A 40 9,07 Pass 167,48
35 kV Hus | of 220 kV transformer A 31,5 10,51 Pass 74,16
110 kV|bus of 110 kV transformer B 40 6,42 Pass 79,36
35 kV HQus | of 110 kV transformer B 31,5 5,76 Pass 29,05
10 kV HQus | of 110 kV transformer B 20 14,59 Pass 26,85
35 kV Hus Il of 110 kV transformer C 31,5 6,13 Pass 44,19
10 kV Rus Il of 110 kV transformer C 20 15,86 Pass 41,53
35 kV Hus | of 35 kV transformer B 31,5 2,88 Pass 28,99
10 kV Rus | of 35 kV transformer B 20 6,73 Pass 19,07
110 kV|bus | of 110 kV transformer A 40 6,08 Pass 77,27
10 kV Hus | of 110 kV transformer A 20 17,08 Pass 28,35
35 kV Hus Il of 35 kV transformer A 31,5 3,43 Pass 22,63
10 kV Rus Il of 35 kV transformer A 20 5,60 Pass 5,91
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Table D.3 — Sheet of voltage deviation check

Maximum Maximum

Maximum Maximum Maximum positive negative
allowable allowable reactive voltage voltage Voltage
Evaluated bus iti ti deviation deviation deviation P
(line) poft' fve neg}: fve p?;vedr b after after check m
d‘;“’li;?:n d‘;‘\’li;?:n p’°‘SE; Y | additional | additional | (pass/fail)
DER DER
connected | connected
AUy AU Omax(MVar) 5UH (5U|_ (MW)

220 kV bus | of
220 kV 0% =10 % 34,79 3 % =13 % Pass 171,34
transfofmer A

110 kV|bus | of
220 kV 10 % -10 % 34,01 3,3 % -3,3% Pass 167,48
transfofmer A

35 kV Hus | of
220 kV 10 % -10 % 15,06 3,2% -3,2% Pass 74,16
transfofmer A

110 kV|bus of
110 kV 10 % -10 % 16,12 2,1 % =2,1 % Pass 79,13
transfofmer B

35 kV Hus | of
110 kV 10 % -10 % 5,90 2,6¢% -2,6 % Pass 29,05
transfofmer B

10 kV Rus | of
110 kV 7,0 % -7,0 % 5,45 3,5% -3,5% Pass 26,85
transfofmer B

35 kV Hus Il of
110 kV 10 % -10 % 8,97 4,0 % -4,0 % Pass 44 .19
transfofmer C

10 kV Rus Il of
110 kV 7,0 % -7,0 % 8,43 55 % -5,5% Pass 41,53
transfofmer C

35 kV Hus | of
35 kV 10 % =10 % 5,89 57 % -5,7 % Pass 28,99
transfofmer B

10 kV Rus | of
35 kV 7,0/% -7,0 % 3,87 8,1 % -8,1 % Failed 19,07
transfofmer B

110 kV|bus | of

110 kV 10 % -10 % 15,69 2,3 % -2,3 % Pass 77,27
transfofmer A
10 kV RQusA of
110 kV 7,0 % -7,0 % 5,76 2,6 % -2,6 % Pass 28,35
transfofmrer—-A
35 kV bus Il of
35 kV 10 % -10 % 4,60 3,2% -3,2% Pass 22,63
transformer A
10 kV bus Il of
35 kV 7% -7 % 1,20 1,7 % -1,7% Pass 5,91

transformer A
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Table D.4 — Sheet of harmonic voltage check

- 23—

Evaluated bus (line) Harmonic voltage check (pass/fail) Remarks
220 kV bus | of 220 kV transformer A Pass
110 kV bus | of 220 kV transformer A Pass
35 kV bus | of 220 kV transformer A Pass
110 kV bus of 110 kV transformer B Pass
35 kV Rus | of 110 kV transformer B Pass
10 kV Hus | of 110 kV transformer B Pass
35 kV Rus Il of 110 kV transformer C Pass
10 kV Rus Il of 110 kV transformer C Pass
35 kV Hus | of 35 kV transformer B Pass
10 kV Hus | of 35 kV transformer B Pass
110 kV|bus | of 110 kV transformer A Pass
10 kV Hus | of 110 kV transformer A Pass
35 kV Rus Il of 35 kV transformer A Pass
10 kV Rus Il of 35 kV transformer A Pass

Accordjng to the calculation results, the voltage deviation of the 10 kV bus at the low yoltage
side of|the 35 kV transformerB exceeds the limit, and the P, on this bus shall be adjusted.

After bpcktracking calculation, the P, of the 10 kV bus at the low voltage side of thg 35 kV
transformer B is adjustedito 16,50 kW. After adjustment, the re-check results are shown in

Table [D.5.
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Table D.5 — Sheet of thermal rating evaluation (after adjustment)

Actual
Maximum maxin:_um
Evaluated bus (line) \?Iue;f cc;’:)ea::ait;(ngf Amax P, Remarks
G L transformers
or lines

(MW) S, (MW) (MW)
220 kV bus | of 220 kV transformer A -27,34 180 -0,15 171,34
110 kV bus | of 220 kV transformer A -24,44 178,80 -0,14 167,48
35 kV Hus | of 220 kV transformer A -2,64 89,40 -0,03 74,16
110 kV|bus of 110 kV transformer B -9,25 87,64 -0,11 79,36
35 kV HQus | of 110 kV transformer B -3,85 31,50 -0,12 29,05
10 kV Hus | of 110 kV transformer B -1,65 31,50 0,05 26,85
35 kV Hus Il of 110 kV transformer C -4,19 50 -0,08 44,19
10 kV Rus Il of 110 kV transformer C -1,53 50 -0,03 41,53
35 kV Hus | of 35 kV transformer B -4,01 39,22 -0,13 28,99
10 kV Hus | of 35 kV transformer B -3,07 20 -0,03 16,50
110 kV|bus | of 110 kV transformer A -7,16 87,64 -0,08 77,27
10 kV RQus | of 110 kV transformer A =3715 31,5 -0,10 28,35
35 kV HQus Il of 35 kV transformer A -1,05 26,98 -0,04 22,63
10 kV Rus Il of 35 kV transformer A 2,09 10 0,21 5,91

NOTE

The row of the adjusted\P  is shown in bold.

Accordjng to thesebtained 1

harmor
Table [

D.6 t0 Fable D.8.

max
ic voltage, voltage unbalance and protection configuration. Check results are shown in

and P, to check short-circuit current, voltage deyiation,
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Table D.6 — Sheet of short-circuit current check (after adjustment)

) AIIow§bIe_ Short-circuit Short-circuit
Evaluated bus (line) short-circuit current of bus current ch_eck P Remarks

current (pass/fail)

I, (kA) I (kA) (MW)
220 kV bus | of 220 kV transformer A - 21,18 Pass 171,34
110 kV bus | of 220 kV transformer A 40 9,07 Pass 167,48
35 kV bus | of 220 kV transformer A 31,5 10,51 Pass 74,16
110 kV|bus of 110 kV transformer B 40 6,42 Pass 79,36
35 kV HQus | of 110 kV transformer B 31,5 5,76 Pass 29,05
10 kV Hus | of 110 kV transformer B 20 14,59 Pass 26,85
35 kV Hus Il of 110 kV transformer C 31,5 6,13 Pass 44,19
10 kV Hus Il of 110 kV transformer C 20 15,86 Pass 41,53
35 kV Hus | of 35 kV transformer B 31,5 2,88 Pass 28,99
10 kV Hus | of 35 kV transformer B 20 6,51 Pass 16,50
110 kV|bus | of 110 kV transformer A 40 6,08 Pass 77,27
10 kV Hus | of 110 kV transformer A 20 17,08 Pass 28,35
35 kV Hus Il of 35 kV transformer A 31,5 3,43 Pass 22,63
10 kV Hus Il of 35 kV transformer A 20 5,60 Pass 5,91
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