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ABSTRACT

The aim of the work is the integration of combihedt and
power (CHP) micro-units into the low voltage networ
under technical and economical point of view.

As a result of the legal conditions and the treridhe
energy prices the number of CHP micro-units witrgase

in the next years in Germany. Therefore the powppker
must know the technical and economic effects & thi
technology by a high penetration.

Together with the local grid operator “Power Nets
Braunschweig” the whole power and gas consumptfan o
new residential district are measured and recorded
fifteen minutes intervals during one year. Basedi@se
power and gas load profiles an analysis has beeriezh
out of the technical effects of a high penetratibthe low
voltage network with CHP micro-units. With thessutes it

is possible to design grid orientated integratidrategies.

INTRODUCTION

Nowadays the CHP micro-units technology with therimal
combustion engine technology is available. The @GtitfPo-
units have got an electrical power output up t&\@0by a
thermal energy output up to 40 kW. The fuel is gasil
and the whole efficiency of the system is abou¥®0n the
next decade there will be CHP micro-units with faell
technology. The power output and the whole efficjeare
the same but the advantages of this technologythere
higher electrical efficiency and the higher effitig in the
part load. Furthermore the fuel cells can use tyrec
hydrogen in a future hydrogen system.

The advantages of the CHP technology are the lower

transport losses of the electrical energy andaissipility to
use the lost heat for heating buildings. This isyve
important because it is possible to minimize tissds of the
electrical energy production from about 60 % to% My
using the CHP technology. So it is possible to cedine
carbon emissions to save the resources and theemeént.

LEGAL CONDITIONS

Combined heat and power law

In Germany there is the “combined heat and powst la
which subsidizes CHP units [1]. The law has gottHnget

to propagate the CHP technology and especiallsing the
fuel cell technology onto the market. Together vitle
energy price trend for the consumer in Germany kwhic
supported efficient technology the number of CHIermi
units will increase in Germany in the next yeardse THP
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law subsidizes CHP units to 50 kW electrical poagiput
and CHP units with fuel cell technology. The guésad
price consists of three parts:

The first part is a guaranteed price for everywt-hour
which is fed into the public grid. So the CHP umitner
gets 5.11 € cent/kWh for 10 years after the begmmif
operation.

The second part is variable and is the market pritieh
the CHP unit owner can bargain with the local gpérator.
If they can not bargain a price, the price will deg on the
European Energy Exchange (EEX) (Leipzig, Germany)
market price of the last quarter [2].

The last one is the return of the network operéiomot
using the feeder grid. This return has got a heddjaut
0.2 € cent/kWh.

Furthermore the CHP units are exempted from theraln
oil tax in Germany. The tax for gas is 0.55 € damth (H,).
If the CHP unit capacity factor is over 70 % durorge year
the owner gets the tax back. Depending on theralatt
efficiency factor of the CHP unit, this is a suppmfrabout
2 € cent/kWh.

All together the CHP unit operator gets about 12 €
cent/kWh. The increasing support of the CHP miandsu
and the current energy price trend will lead tigh Bpread.

m EEX-price
14 Cent/kWh

O not using grid
O exempt mineral oil tax
B CHP law

12 Cent/kWh

10 Cent/kWh

8 Cent/kwWh

6 Cent/kwh

4 Cent/kWh

2 Cent/kWh

/03 1703 11/03 IV/03 1/04 1I/04 /04 IV/04 1/05 1I/05 III/05 IV/O5 1/06 1/06 11106

0 Cent/kwh

Figure 1: Trend of the subvention of CHP micro-units in
Germany

SYSTEM ANALYSIS

The questions about the influence on the low veltag
network are brought to the foreground, this gogebe the
safety relevant aspects valid for single units. [He@ned
integration strategies for power suppliers to cah@HP
micro-units into the existing electrical energytdizution
grid will reduce potential problems. The unreguddted of
the CHP micro-units into the low voltage system trhes
examined first. Examples of possible effects ineludltage
distribution, short circuit, power flow and theetgfsystems
of the net [3]. The results of the effects menttbreere
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gained with the simulation of the basis materiahsuging

data and net data of a net district of the “PowetsN
Braunschweig” (see figure 2). The negative effeuts
unregulated CHP micro-units on the low voltage oekw
are less than expected.

Picture of the analysed net district in
Braunschweig, Germany

Data acquisition
In the net district are two 0.4/20 kV transformésth

producing 630 kVA. The two transformers supply 137

residential buildings, made up of 120 single farhibyises,
14 multi-family houses as well as 3 commercial sinit

From November 2003 to 2004, the electrical and gas
consumption of the net district was noted at 15 min

intervals.

Based on the measured data electrical and theondl |

profiles were developed for the whole net distrithe
classification of the season is orientated on tleen@n
VDEW standard load profiles. With the individuadetrical
and thermal annual consumption of an object ibissible
to scale the net load profile to an individual abjead
profile. This procedure is the same as the proeebythe
VDEW standard load profiles [4]. A correlation aysis

between the VDEW standard load profiles and the

developed load profiles of the net district hasghthat the
measured electrical data are representative. Edhédmmal
load profiles is the verification more difficult beuse
standard thermal load profiles do not exist in Garyn On
account of this the measured load profiles arerasdias
representative too for this structure of the nevlding net
district. Figure three and four show the develogledtrical
end thermal load profiles for the net district.
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Figure 3: Average of the measured electrical load of the
net district for a workday
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Figure 4: Average of the measured thermal load of the
net district for a workday

CHP micro-unit simulation tool

The simulation tool is based on Microsoft Excehadisual
Basic. It can simulate the behaviour of a CHP miand
over one day or one year [5]. The technical in@tadare
electrical and thermal consumption data in 15 neisut
intervals which are known for the next 24 hourseTh
technical output data of the simulation are thetelgal and
thermal energy production of the CHP micro-unit dmel
boiler, the filling level of the heat accumulattire number
of starts of the CHP micro-unit and the electrieakrgy
supply from the net. The economic input data agepttice

of the fuel and the price for one kilowatt-hour akiis
supplied from the grid or which is fed into thedyrirhe
economic output data are the cost of operatiornrangrofit

of the CHP micro-unit system in opposite to the
conventional system.

In principle the tool can simulate every type oCHP
micro-unit system. The simulated system has got an
electrical achievement of 0,05-1,0 kW and a thermal
achievement of 0,13-2,5 kW. The boiler has gotearttal
achievement of 4,8-19,5 kW and the heat accumukator
volume of 500 litres. The equivalent network shdigsre

5. The consumer of the electrical and thermal gnisrgn
one family house. The thermal energy consumptiothef
whole house is about 4.700 kWh/a and the electinailgy
consumption about 21.600 kWh/a.
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Figure5: Equivalent network of the CHP micro-unit in
the simulation tool

In a first step, the simulation tool shows how EP
micro-unit works. Based on the load profiles thmadation
tool describes at which time the CHP micro-unitduces
energy (see figure 6). The CHP micro-unit oriergdtes
power output at the heat controlled operation bytiermal
need of the object. In the winter time the CHP pignit
produces the whole energy for the object, so thains
nearly 24 hours each day. In the summer time itlpces
the thermal energy only for the heat water which be
stored in a heat accumulator. In the transitionggeit
regulates his power output in the most time.

2,0

@ thermal power CHP
M electrical power CHP
Othermal power boiler

Figure 6: Electrical and thermal power output of the CHP
micro-unit in the summer time

I nfluence on the low voltage system

For the grid operator it is interesting to know htve
CHP micro-units influence the low voltage grid. Téfere
three scenarios are simulated. The scenariosfieestit in
the height of the penetration with CHP micro-unithe
scenarios ten and twenty per cent are realistitesizes. The
forty per cent scenario is a worst case scenario.

In the winter time the net load will be constamtbcreased
because the CHP micro-units run nearly constarittytive
highest power output over the day. During this tihrexe is
no potential available to optimize the energy putitun for
the electrical grid.

In the summer time they only run a few hours eaap d
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During this period they only have to produce thd¢ ho
drinking water. But it is possible that peaks frtdm gas
grid are transferred over the CHP micro units itlie
electrical grid. In the transition period the CHRIra-units
regulate their power output most of the time. Attiimes

is potential available to optimize the CHP micrétenergy
production for the grid.
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Figure 7: Influence on the net load in the summer time

Advantages of the dispersed energy production

The analysis has also got the target to get outlwhi
advantages the CHP micro-unit technology has. An
advantage is that the dispersed generation teajyolo
produces the electrical energy directly at the aores. The
energy must not be transported over the high veltag
transmission lines from far away power plants te th
consumer. As consequence the transmission losses ar
smaller. It is also possible that a low voltagevwek with a
high penetration of CHP micro-units can be designital
smaller lines and transformers. Furthermore iesible
that the CHP micro-units can supply control povegrthe
grid. Above all the utilisation and the profitabjlof the gas
grid is higher because the fuel of the most CHRarimits

is gas. This is a very important point becausebthilelings
have got a better heat insulation in the futurehsd the
utilisation and profitability of the gas grid iswer.

GRID ORIENTATED INTEGRATION

The grid orientated integration has got the tamebnsider
the technical needs of the electrical grid antietlispersed
generation units. So it is possible to use the tpesi
technical effects of the dispersed generation dnitghe
grid and to install more dispersed generation units net
district.

The grid orientated controlled operation is an adan the
heat controlled operation. The primary task of @tdP
micro-units is it to supply the object with therneadergy.
But secondary they also consider the technicalsegthe
grid.

To realize this integration strategy there are féedint
ideas. One idea is to leave a net schedule duhieg t
installation or transmitted it over a communicaiitterface
to the CHP micro-unit. The net schedule is the loadile
of the net district or a profile with times whehetenergy
supply is necessary. The CHP micro-unit includés et
schedule in its energy production for the object.
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In the following example the load profiles weret ief the
CHP micro-units. The results show that in the surime
the net load is decreased, mainly about noon. dacesthe
peak in the evening too, it is necessary to doth#eheat
accumulator and to change the energy-managemeitisSo
possible to reduce both peaks of the net load.
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Figure 8: Passive Day-Ahead-Integration strategy
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Figure 9: Active Day-Ahead-Integration strategy

Furthermore it is possible to reduce the peak lwild a
Day-Ahead-Net-Schedule in the transition periodiHa
wintertime this is not possible because the CHRanimits
already run 24 hours each day.

CONCLUSION

The CHP micro-units units are an interesting anefuls
addition for future energy mixes. The present eatins
considering the use of CHP micro-units will prevent
strong market penetration in the next few yearsydver
current energy price developments will favour ghreading
of the CHP micro-units.

With the simulation tool the behaviour of a CHP roicnit
in an object and the influence on the low voltagd &
shown. The result is that the energy productioefCHP
micro-units could be better balanced with the dbjtuset
load. This is primarily important in the summeréimnd in
the transition period.

With a grid orientated controlled operation of tGelP
micro-units the needs of the electrical grid shallbetter
considered. With Day-Ahead-Net-Schedules in the CHP
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micro-units it is possible to reduce the net loBdt it is
also necessary to change the energy-managemetitefor
heat accumulator.

For the power supplier or the grid operator it Isoa
important to take part in the new market. If intgm
strategies are used early the advantages (e.glysapp
control power) of using the CHP micro-units for tped
operation can be maximised.
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