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INTERNATIONAL ELECTROTECHNICAL COMMISSION

REPORT ON THE DEVELOPMENT OF COGENERATION

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
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tJof this Technical Report is based on the following documents:
Draft Report on voting
5/243/DTR 5/244/RVDTR

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 Report is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Suppl
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.

ement,
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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e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORlTANT — The "colour inside"” logo on the cover page of this document indicates that it
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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REPORT ON THE DEVELOPMENT OF COGENERATION

1 Background

1.1 Task following SMB decision

Following the Standards Management Board (SMB) decision 141/10, IEC Technical
Committee 5 (Steam Turbine) was tasked to lead a joint working group with related IEC and
ISO commmitteestoexpilore potentiatstandardizatiomopportumities:

SMB dgcision 141/10reads as follows:

SMB fecision 141/10 — SMB AhG 30: Co-generation — IEC involvement(in-joint work with
ISO

The $MB, further to having taken decisions confirming IEC's_commitment to proyiding
suppdrt to the areas of cogeneration technology within its area '‘off/competence in parficular
aspedts related to electrical power generation, decided to“instruct IEC TC 5 to He the
primafy point of contact, to follow this activity in coordination;with TC 45 and TC 105.

The §MB requests AhG 30 to submit a final reportyand recommendations on futurg work
and ay future activities by end July 2011, and decided to disband the SMB AhG 3(Q after
submission of the report.

Based on the AhG recommendations, SMB*will then communicate an IEC perspective on
this matter to 1SO.

With tHe above SMB decision, |[EC' Technical Committee 5 established Joint Working| Group
16 (Copeneration Combined Heat and Power (CHP)) in 2012-09.

After IEC/TC5/JWG16 mwas established, working steps were proposed (see 5/168/AC) as
follows];
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No. Working step Remarks
1 Complete an overview on standards related to CHP | Also include standards if they only partly cover
technology. CHP aspects
2 Clarification of status and application experience of | Efficiency of CHP solutions is in focus for all
Manual CWA 45547 applications. The Manual CWA 45547 from 2004
could be a basis for an IEC standardization project.
There might be valuable feedback available from
application of the Manual.
3 Screening of world-wide applied alternative
methods for determination of CHP efficiency
4 Clarification of the need for standards dealing with Consider the different needs for the residential,
aspects different to efficiency such as safety, commercial and industrial needs including the
between residential / commercial mass products APPLIANCES — COMBINED HEAT AND-PO\VER
bnd power plants should be considered. It should APPLIANCE OF NOMINAL HEAT INPYUT
be identified where the current standardisation INFERIOR OR EQUAL TO 70 KW? IEC6228p Fuel
bctivities are going on in ISO or IEC and where the | Cell Technologies Germany: FW308 July 2011
heed for new coordination between IEC / ISO TCs
s suggested. Status per 03-2012: The commaon/aspects of| safety
related control are already_¢avered by other|[EC
and I1SO standards on Func¢tional Safety. No
additional aspects for,standardization with rgspect
to CHP identified. THe.common aspects of
application of gas/and oil valves are covered by
other IEC and IS©O"standards. No additional
aspects for standardization with respect to qHP
identified.
5 Clarification if there is any other product/solution Possibledaspects are also grid parallel opergtion of
Epecific standardization need in the area of CHP the GHP.
6 Update necessary liaisons with other TCs within IEC TC45 Nuclear instrumentation? IEC TC105
EC or ISO Fuel cell technologies? ISO TC192 Gas Turljines?
1SO TC208 Thermal turbines for industrial
application (steam turbines, gas expansion
turbines)? Other TCs?
7 Prepare Proposal of standardization Work_ltem Proposal might include the target to align the
PWI1) for voting in TC5 and relevant other TCs context of the new IEC standard in a way thgt it
later — as an EN IEC standard — can be
harmonized with the EC Directive 2004/08
(Combined Heat and Power (CHP) Directive].
8 Clarification of which other IECyor ISO standards Chapters on CHP efficiency in other standar@ls for
have to be adapted, when new IEC standard in individual applications should be replaced by a
CHP efficiency becomes\valid. Preparation of reference on the new IEC standard.
equests to other TCs™for adaptation/update of
)tﬂer standards P P In C-type standards describing the efficiency] of a
) certain technology relevant to CHP a refererjce on
the new IEC standard on CHP efficiency should be
included.
9 Clarification/with CEN/CENELEC on withdrawal of
Manual'"CWA 45547

This technical report is intended to address the above items 1, 3, 4, 5, 7, and 8.

Other items will be addressed depending on the outcome of this report.

1.2

Scope

This document, which is a technical report, introduces the widely used technical scheme of
cogeneration (also known as combined heat and power (CHP)), and gives the corresponding
cases. The technical schemes of cogeneration covered in this technical report can be divided
into two categories. One is cogeneration based on steam turbine, which is generally applied
in thermal power plants; The other is cogeneration based on other prime movers, such as fuel
cell, micro gas turbine, internal combustion engine, Stirling engine, ORC, etc.
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This document gives some cases of cogeneration, mainly including:

e CHP based on extraction turbine;

e CHP based on back pressure turbine;

e Low-vacuum heating mode;

e LP

cylinder steam bypassed heating mode;

e CHP based on steam turbine with synchro-self-shift clutches;

e (Gas-steam combined cycle CHP;

e Mic

ro gas turbine CHP;

e Stin
e Fudg
¢ OR
The ch

introdu

By col
standa

This d
cases

e Sol
e |ntd

1.3

Based
technidg
standa
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2 Te

ling engine CHP;
| cell CHP; and
C CHP.

aracteristics, components and technical requirements of these technical schen
ced in this document.

ecting existing standards of CHP, this document also gddentifies the gaps ¢
rdization and put forward a roadmap for future CHP standards.

tould not be covered in this document, such as:

ar cogeneration; and

rnal combustion engine cogeneration.

Purpose

on the decision of the SMB, the\purpose of this document is to briefly intrody
al characteristics and requirements of different cogeneration schemes, analy

d status and standard gap;\put forward roadmap and suggestions for the devel
neration standards in theJuture.

rms, definitions.ahd abbreviated terms

21 7

For the

ISO an
addres

erms and definitions

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

d 4EC maintain terminological databases for use in standardization at the fo

es are

f CHP

bcument is prepared based on limited expert resources. Thus, some cogenfration

ce the
se the
bpment

lowing

koo™

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

211

combined heat and power (CHP)
energy efficient technology that generates electricity and captures the heat that would
otherwise be wasted to provide useful thermal energy - such as steam or hot water - that can
be used for space heating, cooling, domestic hot water and industrial processes

[SOUR

CE: "Combined Heat and Power (CHP) Partnership" from EPA]
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2.1.2

cogeneration

simultaneous production in series of two forms of useful energy such as electrical energy first
and then useful thermal energy from a single fuel source

Note 1 to entry: In this document, cogeneration refers to CHP.

21.3
primary energy
energy that has not been subjected to any conversion or transformation process

Note 1 to entry: Primary energy includes non-renewable energy and renewable energy. If both are taken into
account ftcambetatted-totatprimrary emergy:

[SOURICE: ISO 52000-1:2017, 3.4.29]

21.4
heating
process of increasing the temperature of medium by the means of the transportation flujid from
the hegting plant over a heat exchanger

215
heating season
part of the year during which heating is needed to keep) the indoor temperature| within
specifigd levels, at least part of the day and in part of the.rooms

Note 1 tp entry: The length of the heating season differs substantially from country to country and from fegion to
region.

Note 2 t¢ entry: This term is especially for district heating-period of a year.

[SOURICE: ISO 17772-1:2017, 3.15]

2.1.6
heating system
system| where the working fluid\is heated by the transportation fluid coming from the CHP
plant for any purposes, such as-process, building heating, hot water, etc.

21.7
district heating
heating systems that distribute steam or hot water through pipes to a number of bdildings
across|a district

Note 1 tp enfry;* Heat is provided from a variety of sources, including geothermal, combined heat and power
plants, waste heat from industry, or purpose-built heating plants.

[SOURCE: ISO 14452:2012, 2.23]

2.1.8

industrial heat supply

heat supply where the working fluid takes part with the industrial process or the heat of the
working fluid is transferred to the industrial process over a heat exchanger

Note 1 to entry: In the former case, no residual heat is returned to the CHP system. In the latter case, the residual
heat may be returned to the CHP system.

21.9

extraction turbine

turbine in which some of the steam is extracted part-way through the expansion using
pressure control means for the extracted steam
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Note 1 to entry: The control means are located inside the turbine flow path or in a cross-over line between turbine
sections. The target is to provide process steam.

Note 2 to entry: Control of extraction pressure can be internal, external or combined internal/external. For
externally controlled extractions the control means are located in the extraction steam line. The aim is to control
steam parameters downstream of the control means, i.e. on the process side. In this case the turbine is not called
an extraction turbine.

Note 3 to entry: If no means for controlling the pressure are used, this steam line is called a bleed, and the
turbine is not called an extraction turbine.

[SOURCE: IEC 60045-1:2020 © |IEC 2020]

2.1.10

back pfressure turbine
turbine]l whose exhaust heat typically will be used to provide process heat (e.g-)ingustrial
process, district heating, post combustion carbon capture system and desatihation), and
whose |[exhaust is not directly connected to a condenser

Note 1 t¢ entry: The exhaust pressure will normally be above atmospheric pressure.

[SOURICE: IEC 60045-1:20200 IEC 2020]

2.2 Abbreviated terms

CHP combined heat and power

SMB standardization management board
ORC organic Rankine cycle

HP high pressure
IP intermediate pressure
LP low pressure

HRSG| heat recovery steam generator.
3 Oyerview of CHP

3.1  What is CHP?

CHP ig an energy effigient technology that generates electricity and captures the hgat that
would ptherwise be wasted to provide useful thermal energy - such as steam or hot water -
that can be used for\space heating, cooling, domestic hot water and industrial procegses. A
CHP system canibe’located at an individual facility or building, or be a district energy dr utility
resour¢e. CHPR.is typically located at facilities where there is a need for both electricjty and
thermal energy. (Source: Combined Heat and Power Partnership, EPA)

Nearly two-thirds—of-the energy pluduocd (UI ubtaillcd) by conventionat c=c\,t|;\,;ty gen ration
is wasted in the form of heat discharged to the atmosphere. Additional energy is wasted
during the distribution of electricity to end users. In contrast, in a combined heat and power
process, the vaporizing heat input happens only once and the sensible heat (condensing heat)
is used in the heating process. The total fuel efficiency of this combined process is then much
better than the one for separate processes. By capturing and using heat that would otherwise
be wasted, and by avoiding distribution losses, CHP can achieve efficiencies even over 80 %.

CHP applications cover a wide range of technology. Smaller heat demands are met by fuel
cells, internal combustion engines, Stirling engines and so on. For higher demands solutions
gas turbines, back pressure turbines and steam turbines with extractions are in use for CHP.

Its important significance is to improve energy efficiency by changing the production process
of equipment, and at the same time enrich the types of products.


https://iecnorm.com/api/?name=9a48b75f08533f0615d26523f64f193a

IEC TR 63388:2021 © IEC 2021 -1 -

Two most typical CHP system configurations are:

e Steam boiler with steam turbine (as shown in Figure 1)

e Combustion turbine, or reciprocating engine, with heat recovery unit (as shown in

Figure 2)
\> \\ Cooling/heating

,('} Building or
'

facility

N Steam s t Electricity
% turbine enerator | | <
»

IEC

Figure 1 —CHP based on steam turbine

With s{eam turbines, the process begins by*producing steam in a boiler. The steam |s then
used tg turn a turbine to run a generator tosproduce electricity. The steam leaving the furbine

can be|used to produce useful thermal energy. These systems can use a variety of fuelg, such
as natyral gas, oil, biomass, and coal,

) ! Steam or hot water Cooling/heziting

Water h | Heat recovery
’ unit

Hot exhaust
gases

Buiiding or

7 ~’/ 4 .y
i Electricity -~ ’ facility
Engine or |
; Generator ||
turbine

e——

IEC

Figure 2 — CHP based on combustion turbine or reciprocating engine

Combustion turbine or reciprocating engine CHP systems burn fuel (natural gas, oil, or biogas)
to turn generators to produce electricity and use heat recovery devices to capture the heat

from the turbine or engine. This heat is converted into useful thermal energy, usually in the
form of steam or hot water.
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In this system configuration, the engine or turbine could be named the prime mover. It might
be gas turbine, fuel cells, internal combustion engines, Stirling engines, micro turbine and so
on.

3.2 Benefits of CHP

Energy conservation and emission reduction is an urgent issue for the whole world. With the
growth of the world population and the rapidly increasing consumption of non-renewable
energy, energy security and environmental protection are ever more important. The United
Nations sustainable development goals (SDGs) include ensuring affordable, reliable and
sustainable modern energy for people all over the world. CHP is an effective way to alleviate
these problems.

CHP ig| an efficient and clean approach to generating power and thermal energy from { single
fuel sgurce. The average efficiency of fossil-fueled power plants in USA is 33,%, apd has
remained virtually unchanged for decades. This means that two-thirds of the @nergy entering
the sy$tem is lost as waste heat. However, CHP systems typically achiéve total pystem
efficierjcies of 60 to 80 %. CHP can effectively reduce the condensation.‘heat loss of working
fluid in| thermal cycle; thus, less fuel is required to produce a given genergy output than with
the separate production of heat and power. Figure 3 shows an exafnple revealing the| extent
to whigh CHP improves energy efficiency. (Source: Combined Heat and Power Partnership,
EPA)

Conventional Combined heat and power
generation 5 MW natural gas
combustion turbine
. and heat recovery boiler
Power station fuel
(U.S. fossil mix)
91 units fuel
(30 ) Y e\
i % units —
Power plant Elect-@ electicity Electricity
EFFICIENCY
3% Combined 100 units fuel
heat and
EFRICIENCY an’gg
80%
) 45
56 units fuel i Heat units st
- Boiler
Boiler fuel steam

...OVERALL EFFICIENCY...

IEC

Figure 3 — Example of energy efficiency for different generating systems

NOTE This is just an example quoted from EPA website of America, which aims to illustrate the advantages of
CHP system. The efficiency data mentioned in this figure do not necessarily represent the level of other countries.

Whether in developed or developing countries, the direction of energy system development is
to effectively meet energy demand on the premise of reducing total energy consumption. At
present, CHP has become one of the most important ways to achieve this goal.

Generally speaking, CHP is an optimal way of energy utilization. CHP offers a number of
benefits compared to conventional electricity and thermal energy production, including:

o Efficiency Benefits: CHP system requires less fuel to produce a given energy output and
avoids transmission and distribution losses that occur when electricity travels over power
lines.
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e Environmental Benefits: Because less fuel is burned to produce each unit of energy
output, CHP reduces emissions of greenhouse gases and other air pollutants. Because
water evaporation is reduced in recirculated water systems, CHP contributes to water
conservation.

e Economic Benefits: CHP system can save facilities considerable money on their energy
bills due to its high efficiency, and it can provide a hedge against electricity cost
increases.

¢ Reliability Benefits: CHP system can be designed on-site to support continued
operations in the event of a disaster or grid disruption by continuing to provide reliable
electricity. It is a beneficial supplement to the traditional power production and is
conducive to improving the reliability of energy supply.

o Flekible operation Benefits: Small-scale distributed CHP system can be flexitily and
negrby configured according to the energy demand. It can supply a variety-~0f, djfferent
endgrgy, and can meet the requirements of fast start and stop. Therefore, -it has the
advantage of flexible operation.

3.3 Hfficiency of CHP system

CHP application involves the recovery of heat that would otherwise“be wasted. In th|s way,
CHP increases fuel-use efficiency.

Two ngrmal measures are provided to quantify the efficiency of a CHP system: total pystem
efficierlcy and effective electric efficiency.

o Totpl system efficiency is the measure used to compare the efficiency of a CHP system to
that of conventional supplies (the combination\ of grid-supplied electricity and| useful
thefmal energy produced in a conventional on=site boiler). If the objective is to compare
CHP system energy efficiency to the efficiency of a site's conventional supplies, then the
totgdl system efficiency measure is likely the right choice.

o Effective electric efficiency is the measure used to compare CHP-generated electiicity to
elegtricity generated by power plants; which is how most electricity is produced. [If CHP
elegtrical efficiency is needed toxeompare CHP to conventional electricity productipn (i.e.
grig-supplied electricity), then\the effective electric efficiency metric is likely thle right
chaice.

The tofal system efficiency.(#,) of a CHP system is the sum of the net useful electric|output
(w,) and net useful thermal output (X0 ) divided by the total fuel energy input ( Opfs; ), as
shown |below:

_We+20my

[0
OruEL

Note that this measure does not differentiate between the value of the electric output and the
thermal output; instead, it treats electric output and thermal output as having the same value
which allows them to be added.

In reality, electricity is considered a more valuable form of energy because of its unique
properties. Therefore, another efficiency calculation method is given.

Effective electric efficiency (&g; ) can be calculated using the equation below, where W,is the
net useful electric output, 2Qpy is the sum of the net useful thermal output, Qg is the total

fuel energy input, and a equals the efficiency of the conventional technology that would be
used to produce the useful thermal energy output if the CHP system did not exist:
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For example, if a CHP system is natural gas-fired and produces steam, then a represents the
efficiency of a conventional natural gas-fired boiler. Typical boiler efficiencies are 80 % for

natural

gas-fired boilers, 75 % for biomass-fired boilers, and 83 % for coal-fired boilers.

The calculation of effective electric efficiency is the CHP net electric output divided by the
additional fuel the CHP system consumes over and above what would have been used by a
boiler to produce the thermal output of the CHP system.
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b, the total installed capacity of global CHP reached 755 GW. Among them, 4§

% are

d in the<{Asia-Pacific region(mainly in China and Japan), 39 % are installed in

(mainlylin’ Russia), and 15 % are installed in the Middle East, Africa and other
in North and South Africa). By 2025, the global CHP capacity is expected to in
GV (an average annual growth of 2,8 %). Europe is the traditional market of CH
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crease
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4.2 European situation

In June 2018, Cogen Europe published a report entitled "The role of cogeneration in Europe's
future energy system”, which introduced the development blueprint of European cogeneration
to 2050. Cogeneration currently provides 11 % of electricity and 15 % of heat for Europe,
contributing to the EU's 21 % CO:2 emission reduction target and 14 % energy efficiency target.
By 2030, CHP will provide 20 % of electricity and 25 % of heat energy for Europe, and at least
one third of CHP will come from renewable energy, which will contribute to the EU's 23 % CO:
emission reduction target and 18 % energy efficiency target. By 2050, the European Union is
expected to double the proportion of cogeneration in the overall power generation, and make
the cogeneration industry the top priority in energy development.

The EU's development of CHP focuses on the application of renewable energy and small-
scale distributed energy system to meet decentralized user needs, while achieving the best
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economic efficiency and energy efficiency. The share of renewable energy in CHP in EU has
increased from 15 % in 2010 to 21 % in 2015, and the main fuel used is natural gas (44 % of

CHP fu

els in 2015).

Russia has rich experience in CHP. As early as in the age of Soviet Union, CHP was widely
used. At that time, a large number of CHP units were installed in cities and large industrial
centres to achieve economic heating in cold weather. Today, in Russia, CHP power plants still
account for more than one-third of domestic electricity production, and nearly one-half of
heating production.

Compared with thermal power plants, a distributed energy system is easier to realize flexible
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Gas-fired boilers
I Gas wall-mounted furnaces
[ Gas-fired cogeneration
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Figure 4 — Proportion of different heating modes in urban arz@g northern China

In addifion to district heating, there is also a large demand for i Qstrial heat supply. In
production, including chemical industry, papermaking, ph r&Ceuticals, textiles an
ferrous] metal smelting, requires the use of a large amoué\
present, some large industrial enterprises supply steam@y heir own thermal power
and many enterprises supply steam by boilers. This | to a very low efficiency of

use.
S

Hustrial
d non-

of high-temperature steam. At

plants,
energy

Due to[the requirements of environmental protection, industrial small boilers with high

energy

will be|encouraged to concentrate industrialk users, while CHP units with high efficiency and

consumption and heavy pollution will be shu&own gradually. In the future, industria’_’{.‘ parks

qualifigd emissions will be responsibls\%r industrial heat supply. This will beco
mainstfeam in China.
xO

of natdral gas and oil. Table ’(9 ows the installed capacity of cogeneration units in J
of March 2020. It is classified according to the fuel. Figure 5 shows the percen
installdd capacity of different cogeneration units by fuel types. (Source: Ad
Cogengration and En Utilization Center JAPAN)

[able 1 —Qﬁlled capacity of cogeneration units in Japan as of March 202(

Unlike [China, which relies main%éh coal, Japan has built a lot of cogeneration units \%:h fuel

e the

pan as
ge of
yanced

—
Fuel;[%s Commercial(MW) Industrial(MW) Total(MW)
N@)(Gas 1799 5 852 7 651
CPG 571 7718 2569
Oil 719 2973 3693
Others 99 1063 1162
Total 2 669 10 306 12 975
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Figure 5 — Cogeneration status in Japan by fuel types

In the wake of the 2011 Tohoku earthquake and tsunami, cogeneratian-systems are atfracting
growing interest not only as means of saving energy and reducing‘carbon dioxide emigsions,
but algo as distributed energy resources that can help prevent and mitigate didasters.
Reflecting these rising expectations, in FY2015 the Japanese government announced g target
of raising cogeneration capacity to 119 billion kilowatt-hourssand the number of ENEfFARM
residential fuel cell units installed to 5,3 million.

4.5 Summary

It is ohvious that the global CHP market is very, large and has great development pagtential.
Most cpuntries are vigorously promoting the application of CHP. Depending on the diffdrences
in enefrgy structure and energy cost from\ country to country, different strategies|in the
development and application of CHP technologies are determined.

5 CHP based on steam turbine

5.1 General introduction

A stegm turbine is oneyof the most versatile and oldest prime movers still in general
production used to drive a generator or mechanical machinery. Unlike gas turbime and
reciprocating engine:CHP systems, a steam turbine is captive to a separate heat source and
does npt directly_convert fuel to electric energy. The energy is transferred from the bpiler to
the turline through high pressure steam that powers the turbine and generator.

The th rmodynamlc cycle for the steam turblne |s known as the Rankine cycle ThIS gycle is
boiler)
that converts water to hlgh pressure steam In the steam cycle, water is first pumped to
elevated pressure, which is medium to high pressure, depending on the size of the unit and
the temperature to which the steam is eventually heated. It is then heated to the boiling
temperature corresponding to the pressure, boiled (heated from liquid to vapour), and then
most frequently superheated (heated to a temperature above that of boiling). The pressurized
steam is expanded to lower pressure in the turbine, then enters either to the condenser, or to
an intermediate temperature steam distribution system that delivers the steam to the industrial
or commercial application. The condensate from the condenser or from the industrial steam
utilization system is returned to the feed water pump for continuation of the cycle.

In this report, cogeneration is divided into steam turbine cogeneration and non-steam turbine
cogeneration. CHP based on steam turbine is mainly applied in thermal power stations.
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For thermal power stations, their heat users mainly include industrial users and district
heating users. Different users have different demands for heating steam parameters, which
leads to the development of a variety of technical solutions.

The following cases are some of the most typical CHP methods based on steam turbine.

5.2 Technical characteristics
5.2.1 CHP based on extraction turbine

Extraction turbine is a kind of steam turbine in which some of the steam is extracted part-way
through the expansion using internal pressure control means for the extracted steam.

An extraction turbine can be divided into high pressure section and low pressure gection,
which is equivalent to a combination of a back pressure turbine and a condensing|turbine. The
live steam works in the high-pressure section and then is divided into.two partp after
expanding to a certain pressure. One part is extracted out for heat users; the other part
contindes to work in the low-pressure section, and finally is discharged into)the condenser.

For a |new steam turbine under design, the extraction port can ‘be reasonably dgsigned
accord|ng to the thermal parameters of itself. But for the retrofit cases, the choice of
extractjon port should consider many factors such as retrofit.convenience and exfraction
capacity.

Figure |6 is an example of heating system based on extraction steam turbine. The exfraction
port isfon the LP cylinder inlet pipe. In order to improve the capacity and stability pf heat
supply| butterfly valves are usually used for regulation. In order to ensure the safgty and
reliability of heat supply, safety valves, checkyyalves, regulating valves, globe valJes are
usually| installed on the heating extraction pipeline.

o1

e

Figure 6 — Heating system based on extraction steam turbine

5.2.2 CHP based on back pressure turbine

A steam turbine, of which exhaust pressure is higher than atmospheric pressure, is
categorized as back pressure turbine. The exhaust steam of back pressure turbine is usually
used for heating or steam supply. Therefore, the design of exhaust parameters shall be based
on the demand of users. Unlike pure condensing turbines, back pressure steam turbine
doesn’t have condenser, so its exhaust steam is entirely used for heating. The operating
conditions of such back pressure turbines are entirely determined by the heating load.
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Compared with condensing turbines with low exhaust pressure, back pressure turbines have
higher exhaust pressure and smaller enthalpy drop of steam, so the steam required per unit
power of back pressure steam turbines is larger than that of condensing turbines. However,
all of the heat contained in the exhaust steam of back pressure turbine is used for heating,
and there is no energy loss in the cold end. Therefore, the thermal efficiency of backpressure
turbine is higher than that of condensing turbine in terms of utilization efficiency of fuel.
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Figure 7 — Back pressure turbine heating system

pressure unit for CHP is simple in structure and does not need a condenser. Its
on efficiency is very high. The disadvantage is that the heat and electricity pr
pback pressure unit cannot be  regulated independently. Generally, the op
bns of the unit are adjusted according to the heating load, that is to say, free

power fluctuates sharply.

Low-vacuum heating-mode

cuum heating is @a~kihd of heating method in which the vacuum of a condensing
ced and the ouflettemperature of circulating water is heightened. In this heating
ndenser becomes the first-stage heat exchanger of the heating system, whicg
the latent)heat of vaporization of the unit to heat the circulating water of the
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units.
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Figure 8 — Typical diagram of a low-vacuum heating system

In orde¢r to guarantee safe operation of steam turbine with\fow-vacuum, some tethnical
measufes should be taken. For example, two different LP rofors interchange method is| widely
adopted. During the heating season, the steam turbinexuses a specially manufactufed LP
rotor fgr low-vacuum heating operation. Condenser circulating cooling system becomeg a part
of the dlistrict heating system. The original circulating.cooling water system is out of opgration.
Circulating water from the heat network enters the.condenser and absorbs waste heaf of the
steam furbine exhaust. In this period, the unit will operate with exhaust pressure mainly at 30
to 50 kPa. When the heating season is over,.the original LP rotor is reassembled. The LP
cylindefr is restored to the original design style for pure condensing operation. The conldenser
circulating water is switched to the original cycle. In this period, the unit will operate with
exhaudt pressure mainly at 5 to 11 kPa='In order to meet the safety operation of low Jacuum
heating, it is necessary to check the-“safety of the condenser. If necessary, the condenser
water ¢hamber should be strengthiéned and reformed, and thermal compensation mgasures
should|be added to the cooling water pipe. In addition, at the end of the heating seaspn, the
coolind water pipes need to be'washed and descaled.

Furthetmore, a heat pump'can be also used to extract waste heat of low-vacuum unit.| In this
heating system, the hieat pump, not the condenser, becomes the first-stage heat exchapger of
the heating system.\The exhaust pressure of the unit does not need to be maintained| above
30 kPaf but generally only needs to reach 8 to 15 kPa.

The loy-vacuum heating mode is very efficient. It can fully exploit the heat supply potegntial of
thermal power units. Therefore this method is widely used for district heating in China at
presen

5.2.4 LP cylinder steam bypassed heating mode

Under the high vacuum operation condition of the low pressure cylinder, the original steam
inlet pipe of the low pressure cylinder is shut off, and almost all of the medium pressure
cylinder exhaust steam is used for heating. At the same time, a small amount of cooling steam
is introduced into the low pressure cylinder through the newly added bypass pipe for cooling.
It will take away windage heat generated by the rotation of the low-pressure rotor. This is a
kind of low pressure cylinder steam bypass heating technology. This technology can improve
the heating capacity as well as peaking capacity of the units. It is also good for the promotion
of energy efficiency and reduction of coal consumption. For different types of units, this
technology can increase the peaking capacity by around 15 to 30 %, achieve the peaking
operation with 25 % of the rated load, and increase the heating capacity by around 20 to 40 %.
Generally speaking, this technology can reduce coal consumption by more than 30 g/kWh
compared to the traditional extraction turbine. The schematic of low pressure cylinder steam
bypass heating technology is shown in Figure 9.
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Figure 9 —Schematic of LP cylinder steam bypass heating technology

nt from the traditional extraction heating mode, LP cylinder(steam bypassed
an use almost all of the IP cylinder exhaust steam for heating, which greatly r
d loss.

cylinder steam bypassed heating technology has, great application in Denm3
and is completely applied to new-designed units,that undertake large heating
a, this technology is widely used in retrofit pfejects, mainly for CHP units wit
j requirements. The technology can greatlys improve heating capacity as \
j capacity of the CHP units.
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the heating seaspn, when the heating demand is relatively small, the exfraction
sing operation(should be adopted. When the heating demand is large enough, the inlet
nto the low.pressure cylinder can be cut off and the unit converts into a back-pressure

operatiof~All of the IP cylinder exhaust steam will be introduced into an ex

anger

ting and_the LP cylinder will be out of operation. During the non-heating seaspn, the
itches.to pure condensing operation, and the LP cylinder exhaust enters into the

Ser.

This technology is suitable only for new-designed units. It needs to be specially designed and

arranged. A steam

turbine with a synchro-self-shift clutch can adopt a single-axis

arrangement, in which the generator is arranged at the front side of the HP cylinder. The
synchro-self-shift clutch shall be designed between the HP rotor and the LP rotor to realize
the operation and removal of the LP cylinder. Synchro-self-shift clutch is the key to cut off the
LP cylinder. Therefore, the synchro-self-shift clutch must have high reliability.

Steam turbines with a synchro-self-shift clutch can be used not only in common coal-fired
units, but also in gas-steam combined cycle units. Figure 10 shows a heating turbine with an
synchro-self-shift clutch in a gas-steam combined cycle unit.
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|d be noted that the waste heat of boiler flue gas can also be recycled for heatin

g in an

ordinany Rankine cycle, so as to realize energy saving. This is also one kind of cogenerjation.

5.3

Gomponents

For thg CHP system based on a steam turbine, its typical work flow (as shown in Figlre 12)

genera

Fusl is burned in the boiler;

Ily includes:

Ste

Stepm drives the steam turbine;
Steam turbine drives generator and produce power;
Stepm is extracted from the steami.turbine for heating or steam supply;

Exhaust steam enters the condenser and condenses into water (note: back pi
turlline does not need condenser);

Condensate or make-up. water is boosted by pump and enters the boiler.

m is generated by the boiler;

Steam

Heat out

Turbine
Power out

Fuel §
—>

<

Boiler

A

O VAAAY

Pump Condenser

IEC

Figure 12 — Typical work flow of CHP system based on steam turbine

essure

As can be seen from Figure 12, the main components of a CHP system based on steam
turbine generally include boiler, steam turbine, generator, condenser and pump. However for
a gas-steam combined cycle CHP system, there is a gas turbine in addition.
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Boiler

Steam turbines differ from reciprocating engines, internal combustion engines, and gas
turbines in that the fuel is burned in a piece of equipment, the boiler, which is separate
from the power generation equipment. The energy is transferred from the boiler to the
steam turbine generator by an intermediate medium, typically steam under pressure. This
separation of functions enables the unit to operate with an enormous variety of fuels.

In addition to the common boiler, there is an HRSG. This kind of boiler is basically used in
gas-steam combined cycle unit, and the HRSG and steam turbine are adopted in the
bottom cycle.

Generally speaking, the boiler is an energy conversion equipment. It is one of the core
equipment of the thermal power unit.

Stelam turbine

A s$team turbine is a kind of rotating machinery which obtains energyJfforn high
temperature and high pressure steam and converts it into mechanical energy.n thg steam
turine, the steam is expanded to a lower pressure providing shaft_power to drive a
gerlerator or run a mechanical process. According to different application/scenarios| steam
turbine can be designed as pure condensing type, extraction cofidensing typd, back
prepsure type, etc.

The design speed of steam turbine is usually very high, which’is helpful to reduce the cost
of per unit of the capacity. The operating speed of steam .turbine can be designed either
as @ constant value or as a variable value within a certain‘cange.

A djsadvantage of a typical condensing turbine is the iuge cold end loss. This lead$ to the
low| efficiency of pure condensing thermal powerunit. In order to improve the |energy
efficiency of the unit, some regenerative and reheating measures are usually adopted. In
addition, cogeneration can be of a great help to solve this problem.

A dteam turbine is one of the core equipmént of thermal power unit. It is also the most
important component of a CHP system based on steam turbine.

Generator

A generator is a kind of rotating “machinery which converts mechanical energy into
elegtrical energy. It is widely used:in large power generation systems. It is one of the core
eqyipments of the thermal power unit.

Condenser

A cpndenser is a specially designed heat exchanger. It condenses turbine exhausf steam
intd water through circulating cooling water. It is an essential auxiliary equipment|for the
condensing turbine.

Pump

Pumps arewidely used in thermal power units. It is mainly used to pressurize condg¢nsate.
HoWever'itis not a component to be focused on in this document.

Gas {urbine

A gas turbine engine is an internal combustion engine. The working process of the gas
turbine is as follows. The air is first drawn into the engine, compressed in the engine,
mixed with the fuel and ignited. The resulting hot gas expands at high speed through a
series of wing shaped blades, which transfers the energy generated by combustion to the
output shaft to make it rotate. The residual heat in the hot exhaust can be used in many
industrial processes.

A gas turbine is a widely used prime mover besides the steam turbine.

5.4 Requirements

For different kinds of steam turbines, there might be different technical requirements.

1)

CHP based on extraction turbine

For this kind of CHP mode, in order to ensure safe and efficient operation, the following
items need to be addressed:
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2)

5)

CH
For

The extraction flow and extraction pressure control under different operating
conditions;

The minimum cooling flow of the LP cylinder;

The reliability of the regulating butterfly valve and other regulating devices;

The economic evaluation under different operating conditions; and

The performance evaluation and acceptance of the heating system.

P based on back pressure turbine

this kind of CHP mode, in order to ensure safe and efficient operation, the following

items need to be addressed:

Low

For|
iten

LP

Wh
strg
the

Wh

I'me exrnaust NMow andad exnaust pressure COonror unaer different operating conditi ns;
The accident prevention measures for heating load rejection;

[The economic evaluation under different operating conditions; and

The performance evaluation and acceptance of the steam supply system.
-vacuum heating mode

this kind of CHP mode, in order to ensure safe and efficient\Operation, the following
ns need to be addressed:

The exhaust flow and exhaust pressure control under different operating conditigns;

[Transformation requirements for auxiliary equipment~such as feed pump turbipe and
shaft seal heater (only for retrofit cases);

The accident prevention measures for heating {0oad rejection;
The circulating water quality demand;

The end difference control of condensef(Such as: ensure the cleanliness of fooling
pipes, control of condenser circulating*water temperature difference, etc.);

[The economic evaluation under djfferent operating conditions; and
The performance evaluation and acceptance of the heating system.
cylinder steam bypassed heating technology

en this method is appliedyin the new-designed units, it is necessary to imprqve the
ngth of the LP cylinder=Relatively short blades are recommended for the last stage in
LP cylinder.

bn this method is.adopted in retrofit project, the following works are generally required:
Retrofit of LPycylinder inlet pipe;

Adding caaling steam bypass pipe for LP cylinder;
Retrofit>of water-jet cooling system in LP cylinder;
Safety check of blades in LP cylinder;

For

Reftrofit ot DUS.
this kind of CHP mode, in order to ensure safe and efficient operation, the following

items need to be addressed:

The extraction flow and extraction pressure control under different operating
conditions;

Safety monitoring of LP cylinder;
The economic evaluation under different operating conditions; and

The performance evaluation and acceptance of the heating system.

CHP based on steam turbine with synchro-self-shift clutch

For

this kind of CHP mode, in order to ensure safe and efficient operation, the following

items need to be addressed:
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— The extraction flow and extraction pressure control under different op
conditions;

— Reliability requirements of synchro-self-shift clutch;

— The economic evaluation under different operating conditions; and

— The performance evaluation and acceptance of the heating system.
6) Gas-steam combined cycle CHP

For this kind of CHP mode, in order to ensure safe and efficient operation, the fo
items need to be addressed:

— The extraction flow and extraction pressure control under different op
conditions:

erating

llowing

erating

— [The minimum cooling flow of the LP cylinder;

— |The reliability of the regulating butterfly valve and other regulating devices;
— [The economic evaluation under different operating conditions;

— [The performance evaluation and acceptance of the heating system;’and

— |Other requirements related to gas turbine.
5.5 Summary
In this [clause CHP methods based on steam turbine have beéen introduced. No mattg

kind of method, the steam turbine is the core component.that is the main subject
clause

Steam |turbines used in the CHP system will significantly change the operating con
compafed to being used solely for the process of generating electricity. They also

r what
of this

ditions
have a

great impact on safety and efficiency. However;the operation mode of boiler, gas turbine and

related|auxiliary equipment hardly changes. They only need to adjust their output accor
the op¢gration conditions.

As a r¢sult, through the detailed analysis of this clause, we can see that as a prime
steam furbines used in the CHP system could involve several components and have
special requirements.

Generglly, steam turbine extraction capacity, extraction safety, calculation of heating op
economy, performance.'evaluation and acceptance of heating equipment and systems
basis tp ensure the effective application of large-scale CHP schemes.

6 CHP based on other processes

6.1 General

ding to

mover,
b ot of

eration
are the

Besides CHP based on steam turbine, there are also other prime movers used in CHP, such
as micro gas turbines, Stirling engines, fuel cells, ORC, internal combustion engines, etc.

They are generally used in relatively small-scale and distributed CHP systems.

For some scattered, remote users, or disaster areas, distributed CHP systems are more
effective. These CHP systems can be arranged close to the user, which greatly reduces the
energy transmission cost. The fast start and stop characteristics also make them more flexible
and reliable. Therefore, these distributed CHP methods are an important supplement to large-
scale CHP based on steam turbine and gas turbine, and also an important development

direction of energy system in the future. The main features of a distributed CHP system
follows.

are as

e |t can meet the needs of various occasions for users in remote areas where the power grid

is not suitable or distributed.
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e |t can make up for the inadequacy of power grid stability in safety aspects.

e |t provides the possibility for the comprehensive cascade utilization of energy.
e It can reduce investment risk and operating cost.

e It shows good energy saving and environmental protection performance.

e |t provides a new direction for the utilization of renewable energy.

For example, CHP is widely used to supply power and heat energy for hospitals. CHP is a
superior energy resource for hospitals because it can provide all of a hospital’s energy
services efficiently and indefinitely during grid outages. For hospitals, losing electricity - even
for short periods - can disrupt critical life support systems. When the power goes out, lives
mayb te C A SatieE E ’i’v"’i”i”'i”i’ vivpvioin ;'i”v’
outagep are becoming more common. CHP, an onsite generation resource, can.|enable
hospitdls to continue to provide all services during grid outages. In addition_do ‘prpviding
reliablg energy and making hospitals more resilient, CHP can help hospitals reduce cos$ts and
meet their sustainability and emissions reduction goals. Figure 13 shows thecenergy efficiency
compafison between small-scale CHP system and traditional energy sgrvices in American
hospitgls. (Source: CHP for Hospitals, EPA)

a . W Wea a

CHP offers better energy efficiency than conventional energy services

Conventional system CHP system

L - R

Figure 13~ Energy efficiency comparison between small-scale
CHP system and traditional energy services

IEC

6.2 Technical‘characteristics

6.2.1 Gas'turbine CHP

Gas turbiné is characterized by high efficiency, low noise, low emission and low vibration. In
addition to distributed generation, it can also be used for standby power plants, CHP, etc. It
can be applied to the central city, the rural areas and even the remote areas. According to the
technical requirements, different types of gas turbines can be adopted, such as micro gas
turbines, STIG cycle gas turbines, etc.

The micro gas turbine has a simple structure, and its working principle is shown in Figure 14.
Generally, radial turbo machinery and a single-stage centrifugal compressor are adopted. The
pressure ratio is generally 3 to 5, and the rotating speed is up to 50 000 to 120 000 r/min.
Generally, air bearing is used, and a lubricating oil system is not required, so the unit size is
significantly reduced.
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Figure 14 — CHP system based on micro gas‘turbine

In addition to the common micro gas turbine, a STIG (ste€am-injected gas turbine) cy¢le gas
turbinef can also be used for CHP. Figure 15 is a sketchmap of a CHP system based oh STIG.
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Figure15 =CHP systembasedon STHG
6.2.2 Stirling engine CHP

A Stirling engine is a kind of external combustion, closed cycle thermal engine, which is
different from an internal combustion engine. It is mainly composed of a compression
chamber, expansion chamber, heater, cooler and regenerator. The working medium can be
helium, hydrogen, nitrogen, etc. Through the mutual movement of the two pistons, the working
medium is compressed isothermally in the cold chamber. The fuel is continuously and stably
combusted in the combustion chamber outside the cylinder and transmitted to the working
medium through the heater. The working medium does not participate in the combustion and
does not need to be replaced. The piston is driven to move and drive the generator to
generate electricity. The ideal thermodynamic cycle of the engine consists of two constant
temperature processes and two constant volume processes.
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At present, a Stirling engine mainly uses natural gas as fuel. Figure 16 shows the process
flow of a typical Stirling engine CHP unit. Natural gas and air are mixed in the burner to
produce high temperature flue gas. The high-temperature flue gas first heats the high-
temperature chamber of the Stirling engine, and then enters the heater and exchanges heat
with cold water to become low-temperature flue gas, which is discharged from the engine. The
working medium circulates between the high temperature hot chamber and the low
temperature cold chamber, and expands and drives the transmission mechanism to drive the
generator to generate electricity. At the same time, the cooling water flowing through the low-
temperature cold chamber heat exchanger is heated and then enters the hot water tank,
which centrally outputs hot water to the user. The whole device outputs electric energy and
thermal energy at the same time, achieving the purpose of CHP.

Low temperature flue gas

Hot water Domestichot water
Cold water Heater > Tank e

cold [ |
water Low
temperature |
chamber

Medium temperature |
flue gas

| Working
medium

Transmission
o 25 o oo

Stirling engine

High
temperature p—
chamber

High temperature
flue gas

Natural gas
Combustor
Air

Figure 16 — Typical Stirling engine CHP unit process
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6.2.3 Fuel cell CHP

A fuel gell is a_chemical device that converts the chemical energy of fuel directly into glectric
energy} also known as an electrochemical generator. Fuel cells use fuel and oxygen [as raw
materials, there are no mechanical transmission components, so there is no noise pdllution.
From thelpoint of view of protecting the ecological environment, the fuel cell is one| of the

Fomisinga nower generation technoloaies
most p g-p g g

For a CHP system with fuel cell as the prime mover, the total thermal and power efficiency is
more than 85 % and the power generation efficiency of fuel cell is relatively stable under
different loads. Therefore, fuel cell CHP technology is a potential new energy utilization
technology.

According to the different electrolyte materials, it can be divided into five categories: alkaline
fuel cell (AFC), proton exchange membrane fuel cell (PEMFC), phosphoric acid fuel cell
(PAFC), molten carbonate fuel cell (MCFC),and solid oxide fuel cell (SOFC). Among those
available technologies, PEMFC is currently applied in the field of CHP.


https://iecnorm.com/api/?name=9a48b75f08533f0615d26523f64f193a

- 30 - IEC TR 63388:2021 © IEC 2021

With the integration of a natural gas hydrogen plant and PEMFC, CHP technology for
generation and heating is realized, as shown in Figure 17, the cascade utilization of en

power
ergy is

realized and the efficiency of energy utilization is improved. Today, with the increasing of
energy consumption, this technology is an effective way to realize the power supply as well as
heating for household and small commercial users, and to alleviate the energy shortage. It not
only broadens the field of natural gas utilization, but also meets the overall requirements of

energy saving and environmental protection.
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Figure 17 — Fuel cell CHP system

6.2.4 | ORC CHP

The organic Rankine cycle (ORC)system is used to convert low-grade heat energy (g€

nerally

lower than 200 °C) into electricrenergy. ORC has single cycle and double cycle. The¢re are

many kinds of working medium) such as n-butane, isobutene, chloromethane, ammor
Freon series, which can beyused as working medium of steam turbine.

The conventional Rankine cycle system uses water steam as a working fluid. There ;1
procesges of constant pressure heating, adiabatic expansion, constant pressure exo
and adfiabatic compression. ORC is mainly used in the field of low temperature. As sh
Figure 18, the 'application fields of ORC power generation technology include biomass
generation,~geothermal power generation, solar power generation, industrial wast
power |geheration, etc. (Source: Techno economic survey of Organic Rankine Cycle
systemis,""Renewable and Sustainable Energy Reviews")

ia and

re four
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power
e heat
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The main components of different cogeneration technology schemes are given below.
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Figure 18 — ORC CHP system
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Components

s kind of CHP system, different technical solutions corre§pond to different
. The prime mover is the core component.

5 turbine CHP

5 scheme mainly involves the following compoanénts:
Compressor;

Combustor;

Gas turbine (Micro, STIG, HAT, etc.);

Generator; and

Heat exchanger.

ing engine CHP

5 scheme mainly involves’' the following components:
Combustor;

Stirling engine;

Generator; and

Heat exchanger.

| celrCHP

5'schieme mainly involves the following components:

Fuel cell; and

Heat exchanger.

4) ORC CHP

This scheme mainly involves the following components:

ORC turbine;
Boiler;
Generator; and
Heat exchanger.

prime
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Requirements
Gas turbine CHP
A gas turbine is the core component of this kind of CHP system. A gas turbine includes

mic

ro gas turbine and heavy-duty gas turbine.

A micro gas turbine basically aims at distributed generation and energy supply.
Commercial power ranges from one kilowatt to hundreds of kilowatts, using a centripedal
turbine and centrifugal compressor. Generally speaking, the features of micro gas turbine

are

as follows:
Can be applied to multiple fuels (Oil, Gas, Alcohol, etc.);

Small volume;

A h
dut
for

For
foll

Stin

req

Space saving;
Easy to install;
Low noise;
High reliability;
High degree of automation.
avy-duty gas turbine is quite different from micro gas turbine.*The power of a

b heavy-duty gas turbine are as follows:

High energy output;

Low noise;

High reliability;

High energy conversion efficiency;

Lower pollutant emissions;

Combined with STIG cycle, flexible cogeneration can be realized.

a gas turbine CHP system, in\‘order to ensure safe and efficient operatiq
bwing items need to be addressed:

Efficient recovery of waste-heat from the gas turbine;

The reliability of the gas turbine;

[The economic evaluation under different operating conditions; and
[The performance.evaluation and acceptance of the heating system.
ing engine CHP

btirling engine is the core of this kind of CHP system. Generally speakin
Lirements/for Stirling engine are as follows:

Can\be applied to multiple fuels (QOil, Gas, Alcohol, etc.);

The prnpnrfinn of thermal and electrical mlfpnf canbe adjllc’rnd arhnrnling to thd

of users;

High reliability;

High energy conversion efficiency;

Improve the sealing performance of the working medium;

Simplify the control system as much as possible.

heavy-

gas turbine reaches tens to hundreds of megawatts. Genenally speaking, the f¢atures

n, the

g, the

needs

For this kind of heating mode, in order to ensure safe and efficient operation, the following
items need to be addressed:

Efficient recovery of waste heat from the Stirling engine;

The reliability of the Stirling engine;

The economic evaluation under different operating conditions; and
The performance evaluation and acceptance of the heating system.
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3) Fuel cell CHP

A fuel cell is the core of this kind of CHP system. Generally, the requirements for the fuel
cell are as follows:

— Can be applied to multiple fuels (Hydrogen, Qil, Gas, Alcohol, etc.);
— Fast to start up;

— Reliability;

— Energy conversion efficiency.

For this kind of heating mode, in order to ensure safe and efficient operation, the following
items need to be addressed:

- [Rettabitity of fuet TettpowersystenT;

— [Economic evaluation under different operating conditions; and

— |Performance evaluation and acceptance of the heating system.
4) OR[C CHP

For|this kind of heating mode, in order to ensure safe and efficient operation, the following
items need to be addressed:

— [The reliability of the ORC system;
— [The stability of its working medium;
— [The economic evaluation under different operating conditions; and

— [The performance evaluation and acceptance of the‘heating system.
6.5 Pummary

From the user’s perspective, the selection of distributed CHP scheme mainly considgers the
fuel requirements, operation demand, output demand, installation condition, investment] etc.

Generglly, the safety and flexibility of its’core equipment, the calculation of heating operation
economy, the performance evaluation, and acceptance of heating system are the bpsis to
ensure|the effective application of.a CHP scheme.

7 Standardization demand of CHP

7.1 Necessity to develop CHP technical standards

From g user’s perspective, implementing a CHP project from conception to completion could
allenge~lf.depends on the feature of the facilities and the performance objectives of a
CHP system_being considered. Factors to consider include the energy source, opgeration
conditipn,, (power and thermal demand and the optional of CHP technology etE. The
stakeholders involved are owner, consultants, vendors and manufacturer etc. Teghnical
standa i - e terms
and definitions, requirements, tools, and a unified approach assisted in reaching an
agreement between stakeholders and achieve the CHP project development process advance
smoothly, as shown in Figure 19.
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Figure 19 — Link between CHP system and user demands

The kgqy to promoting the development of a CHP project inClddes: qualification, feasibility
analysis, procurement, operations and maintenance, evaluating of technical potentjal and
cost-effectiveness potential, equipment and overall acceptance rule etc. Technical standards
could a@ssist stakeholders to meet the requirements of the above factors and assist| in the
succesfsful completion and operation of a CHP project. The following aspects of teghnical
standafds could be helpful.

e Tedghnical requirements (or Specification) atsystem level

Establish terms used in procurement, operation and maintenance. Specifrs the
requirements for construction, installation, fitness for purpose, rational use of ¢nergy,
marking, and performance measurement of these appliances.

Enabling users and vendors_reach agreement and ensure the safety, reliability of the
equipment.

e Evgluation criteria at system’level

Establish methods:® for evaluating of technical potential and cost-effectiveness
potential. Proyides a procedure to obtain the satisfactory configuration fof each
project.

Enabling Users to evaluate economic benefits or risk before project construction

e Acdeptancerule at system level:

Specifies standard rules for preparing, conducting, evaluating and reporting tlhermal
performance tests.

— Enabling users to have evaluation methods for selecting equipment in construction
projects. It could also be a technical basis for executing purchase contracts between
the user and vendors.

7.2 Current status of ISO/IEC standards related to CHP
7.21 General

The CHP system configuration could be varied, depending on different prime movers.
Therefore, it is necessary to distinguish the technical characteristics of CHP system when
developing standards.

From a system perspective (referring to document 5/204A/AC), the CHP standard system can
be divided into CHP system level, CHP communication level and CHP component level.
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There are already some published standards related to CHP. The classification of existing
standards is also based on CHP system level, CHP communication level and CHP component
levels.

7.2.2 CHP system level

ISO 26382:2010, CHP systems — Technical declarations for planning, evaluation and
procurement, developed by ISO/TC192 could be regarded as a CHP system level standard.

The scope of ISO 26382:2010 is:

This Infern 5S) that
simultgneously supplles electrlc power and heatlng and/or coollng for pIannlng evaluation
and procurement.

It applﬁs to the identification of investigation items for project evaluation,(EGS evaluation,
and primary information works for CGS procurement.

It also [specifies necessary check items in CGS planning, provides,a‘procedure to obtgin the
satisfagtory configuration of the CGS for each project, and includes a detailed grocess
diagram of the key development steps.

CWA 15547:2004, Manual for Determination of Combinéd Heat and Power, a rggional
standafd, presents a set of formulations and definitighs: for determination of CHP |energy
producfs and the referring energy inputs. The manualormulates the procedure for quaptifying
CHP optputs and inputs, such as CHP electrical enérgy, CHP mechanical energy, CHP heat
energy|and CHP fuel energy.

EN 50465-2015,Gas appliances — Combined heat and power appliance of nominal heat input
inferion| or equal to 70 KW, a regional standard, specifies the requirements and test methods
for the|construction, safety, fithess for-purpose, rational use of energy and the marking of a
micro qombined heat and power appliance.

7.2.3 CHP communication-evel

IEC 61B50-7-420:2009, Communication networks and systems for power utility automgation —
Part 71420: Basic communication structure — Distributed energy resources logical |[nodes,
developed by IEC/TC57, Power systems management and associated information exchange.

The stpndard defines information models to be used in the exchange of informatign with
distribyted energy resources (DER), which comprise dispersed generation deviceg
disperded, (storage devices, including reciprocating engines, fuel cells, micro turbines,
photovplitdic, comblned heat and power, and energy storage. It ut|I|zes existing IEC 61
logical T --o-

Considering the scope description, this standard can only be applied for small-scale (DER)
CHP projects.

7.2.4 CHP component level

In terms of CHP core equipment, there are many existing standards. These
international/regional/national standards which could support CHP equipment are listed in
Table 2.
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Table 2 — Status of CHP standards

IEC technical
committee 5:
Steam turbines.

IEC technical
committee 5:
Steam turbines.

IEC technical committee 5:
Steam turbines.

IEC technical committee 5: Steam
turbines.

Steam turbine

IEC/TCS

IEC 60045-1:2020

Steam turbines — Part 1:
Specifications

This part of IEC 60045 is applicable
primarily to land-based horizontal
steam turbines driving generators for
electrical power services. Some of its
provisions are relevant to turbines for
other applications. Generator, gear
box and other auxiliaries which are
considered as a part of the system
are also mentioned in this document.

Detailed specifications for thi
equipment are not included in| this
document.

The purpose of thisydocumen{ is to

make an intending.pdrchaser jaware
of options and falternatives wljich it

may wish to-consider, and to gnable
it to state,its.technical requirgments
clearly,to’potential suppliers.
Consequently, final technical
requirements will be in accordance
with"an agreement between the
purchaser and the supplier in|the
contract.

IEC 60953-2:1990

Rules for steam turbine thefmal

acceptance tests. Part 2:"\Method B

— Wide range of accuracy for

various types and sizes of turbines

(To be revised as:
IEC 60953-0:= (edition 1)

Rules for'steam turbine thermal
acceptance tests — Part 0: Wide

range of accuracy for various types

and'sizes of turbines)

The rules given in this standafd are
applicable to thermal acceptapce

tests covering a wide range o
accuracy on steam turbines of every
type, rating and application. Qnly the
relevant portion of these ruleq will

apply to any individual case.

The rules provide for the testihg of
turbines, whether operating wjiith
either superheated or saturat¢d
steam. They include measurements
and procedures required to d¢termine
specific enthalpy within the mpisture
region and describe precautigns
necessary to permit testing while
respecting radio logical safety rules
in nuclear plants.

Uniform rules for the preparafjon,
carrying out, evaluation, comparison
with guarantee and calculatiop of
measuring uncertainty of accg¢ptance
tests are defined in this standard.
Details of the conditions undgr which
the acceptance test shall takg place
are included.

Should any complex or special case
arise which is not covered by these
rules, appropriate agreement shall be
reached by manufacturer and
purchaser before the contract is
signed.
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