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Abstract

This report describes and analysis the supply of the heat and power demand in a
single family house representatively of the demand and covering possibilities in the
residential sector in Germany.

Intention of the elaboration is the analysis of the general conditions for the application
of new developed micro or nano CHP appliances and the consequences of the
application with regard to costs, primary energy consumption/saving and possible
impacts on the carbon dioxide emissions from the residential sector.

It shall be tried to collect country specific data for the home countries of the Annex 25
participants to contribute to a better understanding and knowing of the factors driving
the market of house energy supply technologies.
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Development of the use of Combined Heat and Power plant in
Germany

The net power generation from CHP-plants increased between 2002 and 2010 by 14
TWhg from 75,9 TWhg to 89,9 TWhe. That growth results from a by 2,3 TWhg
higher generation in public CHP plants (> 1 MWy), from a by 4,2 TWh¢ higher
generation in industrial CHP appliances (> 1MWel) and from a by 7,5 TWhe higher
generation in “other” CHP plants. In that category a large amount of biogenic CHP
appliances are operated which produced in 2010 nearly 6 TWhg, compared to O
TWhg in 2004.

Table 1: CHP net power generation

2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

CHP net power

generation e 76 77,5 80 83 83 86,2 | 854 | 89,9

Public generation

> 1 MW,) 51,0 50,5 52,4 51,5 54,0 51,9 53,8 50,5 53,3

of it communally operated 16,5 17,4 17,5 19,5 21,8 20,9 21,3 22,5 22,9

industrial generation
23,0 23,5 22,9 25,6 25,8 25,8 25,7 26,6 27,2

(> 1 IVIVVeI)

other CHP plants 1,9 2,0 2,2 3,0 3,2 5,4 6,7 8,3 9,4
(< 1MWeI) 1 b b 1 L 1 1 b 1

of it biogenic CHP plant 0,0 0,0 0,0 0,5 0,6 2,7 3,9 5,0 5,9
Source: [Winsch 2011] IEK-STE 2012

Though the data in the undermost line of Tab 1 show a strong increase in power
generation by biomass fired plants, the 2010-generation is only 6,6% of the total CHP
net power production and compared to the total 2010 power generation of 583,3
TWhg in Germany only ~1%.

Table 2 shows that the new-installation of < 10 kW CHP plants was clearly reduced
in 2010 compared to 2009. That reduced new-installation of plants was compensated
by the installation of plants with higher capacities in the other categories. The
majority of the plants is of the <10 kW category, but these 2.900 plants hold only 5%
of the in 2010 installed CHP capacity. In total ca. 27.500 old and new CHP plants
were in operation at the end of 2010.



Table 2: New built or repowered CHP plants in 2009 and 2010

2009 2010
number of plants | capacity[MW] | number of plants | capacity [MW]

Plants < 10 kWq 2.794 16 1.888 9

Plants 10 kW, to 50 kW, 1.337 34 1.038 28

Plants 50 kW, to 2 MW, 259 104 333 130

Plants > 2 MW, 24 369 24 594

Sum 4414 523 3.283 761
Source: [Winsch 2011] IEK-STE 2012

[I. Residential heat demand and house heating systems

As consequence of the intensification of the Heat Insulation Ordinances, the specific

heat demand of new buildings decreases essentially, see figure 1.

Figure 1: development of the specifique building heat demand in Germany
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Though the new buildings have low heat demand, the average value for the building
stock is still in the range of 210 kwWh/m?a. As the new-construction rate is in the range
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of 0,6%/a for both buildings and flats [dena 2011], the average heat demand will not
decrease really fast, whereby the reduction of the building heat demand is an
important aspect in the German strategy to reduce the residential CO, emission
(~112 Mio t CO; in 2010 [BMWi 2011])).

But thermal insulation retrofitting or new energy efficient constructions are not
exclusive measurements to reach the targets. A further contribution for an energy
demand reduction is expected by the installation of new house heating technologies.
Not only by smaller and more efficient ones or by the integration of solar thermal
systems but also by new small combined heat and power technologies, which
correspond to the idea of a decentralization of the power generation as they generate
electricity near to the consumer by which transmission losses can be reduced.

The market volume of house heating systems corresponds more or less to the
amount of buildings and when we are talking about small systems, we are talking
about a market of nearly 19 million single and two family houses, whereby the actual
sales of heating systems are in the range of 600.000 per year. Figure 2 shows that
the sales are declining while the last years, which is traced back at the reduced
construction activities. The survey of the Federal Industrial Association of Germany
House, Energy and Environmental Technology [Breidenbach 2010] on the market
development of heat generators (house heating boilers) documents the trend towards
gas fueled appliances, especially wall mounted condensing systems, which need
less space than other ones and partly no chimney which reduces the yearly
maintenance effort and cost. The share of biomass fired heating appliances and of
heat pumps is relative constant at a 10% level but it is in the range of 30% if only new
built houses are regarded.

In total the German Federal Association of Chimney Sweeps balances 9 million gas
fueled house heating systems in its 2010 report [ZIV 2010] of which 7,2 million
belong to the performance class <25 kWth. Together with the data of Breidenbach
(figure 2) is that a clue to a good gas infrastructure which is precondition for a high
consumer acceptance not only for the fuel gas but also for the new gas fueled micro
and nano CHP appliances. The strong market position was reached by expanding
the gas-network to a length of totally 436.000 km of which 142.000 km are the low
pressure grid by which typically the households are supplied. The connection density
respectively market penetration is relatively high, as ca. 19 million flats of totally 40
million in single as well as in multi-family houses are using natural gas for heating
and cooking. The Institute for Housing and Environment in Darmstadt (IWU)
assumes for its calculation, that ca. 48% of the single family houses (18,7 million in
2007) are heated by gas. [Diefenbach 2007]



Figure 2: Development of house heating systems, 2000 — 2010
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llIl.  Micro CHP appliances for the residential sector

Micro CHP systems not yet appear in the statistics, though it is expected/hoped, that
they can/will overtake an important role in the future energy supply system.

There are a couple of manufacturers which show a high engagement in developing
and demonstrating the successful operation of these technologies.

The thermal capacity of these appliances is typically in the range of up to 5 — 10
kWth at an electrical capacity of 1 — 5 kW As new systems like heat pumps, pellet
systems (as of missing gas infrastructure) will not be substituted in the next future,
the market volume is principally given by the older oil as well as gas house heating
systems, of which ~63% belong to the category 10 — 25 kWy,.

Four technology routes are followed respectively offered at the market. That are
small gas engines which are downsized from existing larger ones, that are stirling
engines, based on the development of Whispergen respectively Microgen, that is the
steam expansion machine based on an innovative free piston principle and that are
fuel cells, the polymer electrolyte membrane fuel cell as well as the solid oxide fuel
cell. As the heat capacity of the so called micro or nano CHP systems will not suffice
to guarantee a secure heat supply or hot water demand peaks, an auxiliary boiler is
normally integrated into the system. Corresponding to the state of the art condensing
gas boilers are used.
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Companies like Baxi-SenerTec, Vaillant, Viessmann, Bosch Thermo-Technik, Brotje,
Hexis, Ceramic Fuel Cells Limited, Hexis, Riesaer Brennstoffzellentechnik GmbH,
Whispergen and others like Volkswagen have developed or are developing such
“power generating house heating appliances”, of which some are presented with
table 3a, 3b and 3c.

The two first systems, the Dachs 5.5 and the EcoPower 3.0 in table 3a are designed
for objects with a yearly heat demand of >25 MWh and operation hours of 4.000 or
5.000 h [Dachs 2012] [Jagenburg 2011]. That is the range of an economical
operation. A higher heat demand is typical for multi-family houses, settlements,
hotels or in the commercial sector and can by supplied by a combination of several
CHP systems, if the capacity of one will not suffice.

The third one in that table, the EcoBlue gasengine of Lichtblick AG, is marketed at
completely different aspects. The EcoBlue, which is using a gas engine of
Volkswagen AG, remains in the ownership of Lichtblick AG and shall/will be operated
via a central control center together with many more EcoBlue’s like a virtual power
plant. Because of the flexibility of the engine a quick reaction at changing power
demand and power availability, especially fluctuating wind power, is practicable. It is
target to provide expensive peak power so that the virtual power plant reaches a high
economy. The house owner, where a system is installed buys the heat and gets a
rent for the set-up-room and he participates in the sales of power in form of a
remuneration. Precondition for an installation is a yearly heat consumption of
minimum 45 MWh, as otherwise the produced heat could not be used [Lichtblick
2012]. Up to now Lichtblick AG has installed and is operating 400 networked units
with a total electrical capacity of 7,8 MW.

The EcoPower 1.0 nano CHP appliance was developed by Vaillant and Honda to
complement the CHP product range of Vaillant by a small CHP system for single
family houses with a heat demand in the range of 15 — 25 MWh/a [Jagenburg 2011].
Heart of the EcoPower 1.0 is the 1 kWe Honda gas engine which is sold in large
quantities in Japan and America as the Ecowill-system [Meissner 2010].



Table 3a: CHP-appliances with internal combustion engine

a01d Jrey e e AB1aua ues|d BulayQ :siuswalels
uoIssiw sy| ‘seb pue AIoos|d Yum s1swoisnd
00000 salddns yoym ANjan e st OV YUY (g,

We|reA Jo Auedwod Arepisgns (Lad

eawiayl ¥ag
Auedwod ay) payeald dnolo eyaway yomalq ad
pue dnoio 1Xv8 6002 Ul "dnoi9 XV yshug au
0 Auedwod Arepisgns e S| 99 18UaS Z00Z 92UIS s

193 rew ueadoing ay) e pjos Jou

uonesado Mé
Aq puers MC
%G8

‘uonSNQUIOD [euldul
‘au1bua 0}10SeS BH0.S- B[ARIUL

17IMOO3 ‘epuoH

19xew ueadoing
ay) pue sasnoy Ajiure; a|6uis 10j iun dHO 0IdIW B
dojanap o) JuejjreA pue epuoH usamiaq uoieladood

(918 LVA snid) oin3 000°9T

4000'9

6% 09

uonesado M é
Aq puers M
%06

feuLauY %9

“uoNSNQWIod [euldul
‘au1bua oNO aNoNS- s H9T ‘S[AIdUN

0'T Joamodod3 :epuoH/ue||ieA

sinoy § 0} T :sinoy uonesado Ajrep

UM 000'0F PUBWISP Teay WUl “Pub au ol pay
Anoinosie ymnuad g0 s1eb 1sumo asnoy ayL (reay 10umsip

d 8y "au0 Mau 3y Jo uone)
U uone|[eIsuIap 40 0INT 000'S 9ouo sked Jaumo asnoy ayL

Sul pue wajsAs pjo

010z "28@ BinqureH u
uonesado oju 6uiob Ajremoe are saoueldde 1s11y ayp.

uonelado Mé
Aq puers Mé
S50

%26

[ewIaLp %65

("sjapow

AppeD pue UeINo1 8y} ul Pasn Si yaIym ‘UaBemMSH|OA
J0 auibua onoseb Jay| Z ) ‘uonsnquod

[ewsaiul ue yim sutbus ono :3[diduN

aulbuasef an|god3 i, OV A2NGIYDIT

(010 UONE|REISUI

“197em ansawop Bunesy oy 1o,

Jeay adeds se asn 10} s19BueyIXa Jeay Ul PaISN0Ia)
sl jeay aysem sauibua ay | “1oresausab e Buinup

s1 seb uonsnquiod au uossid e eIA "uonsNquIod
feusaul ue yum auibua ono adoun

0'¢ Jlamodod3 :(,,, yoa1 snidiemod

(-39 uonE[EISUI

. . 0in3 000'02 ~ ‘podsueninoyyming o3 T6v'02
odsuer snid
v VYA S ‘papnjaul L¥A) 010z Arenigas
a|qejrene a|qe|ene
S/apel 1/[e1213WWOY 10193S pue sasnoy Ajiure Ajnw
T T T T T T T T YA el T T T e I

+7%/3 000'T~ 19BNUO0D BIIAISS JO 1S00) 4000y 4yo00s'e
6% 56 6% 0es
uonesado M uonesado M e
Aq pueis Mé Aq puels Mé
8€°0 0
%06 (uoisian BuISUBpPUOd ® %66) %88

“197em onsawop Bunesy oy 1o

Jeay adeds se asn 10} s19BueyIXa Jeay Ul PaIaA0Ia)
sl yeay a)sem saulbua ay ] “1oresauab e Buinup

s1 seb uonsnquiod au uossid e eIA ‘UoNSNqUIod
feussiul ue ywm auibua onoadoun

syoeq o8 LIauss

sooads

:90Ud

auibua uonsnquwiod [eusalul Yum sasueljdde-dHo

IEK-STE 2012

Source: [Company’s information]




10

Table 3.b informs about several Stirling house heating systems, which are actually
introduced in the German and European market. The difference in the Stirling
operating principle is that Whispergen uses a 4 cylinder double-acting cycle, while
the others are using the free piston engine technology, developed by Microgen
Engine Corporation. Today it is a joint undertaken of a couple of shareholder, of
which BDR Thermea and Viessmann hold each a 42 per cent interest. Further
shareholders are KD Navien from Corea, Innova Solar Energ from lItaly, Vaillant and
the employees. All companies are using the same stirling module, which is built in
China. Its capacity range is 1 kW and 6 — 7 kW, to supply a good share of the heat
demand in new single family houses and parallel a certain amount of the electric
base load. All systems are completed by a peak boiler.

The OTAG Lion Powerblock is a steam expansion system, built in Germany, but
because of economic difficulties, the production was stopped and it is not yet clear, if
it will be restarted.
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Table 3.c gives an overview of the actual status in the case of fuel cell house energy
supply systems. Hundreds of the Gamma 1.0 and the Galileo N are operated within
the framework of the Callux Programme of the German Government which is actually
in its 2nd phase. For the 3rd Callux phase Baxi has refined the Gamma 1.0 to the
Gamma 1.3 also Gamma Premio called. By order of the utility EWE, Bruns
Heiztechnik and CFCL have developed a system which is also in a governmental
demonstration programme. And the company Sanvo is now selling the CFCL
BlueGen as power generator which must be combined with an (already installed)
heating boiler.
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Table 3c: CHP-appliances on fuel cell technology
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IV. Heat and power demand in residential houses, yearly operation
hours, load profiles

The residential heat demand is strongly influenced by the regional climate conditions.
Germany's climate is moderate and normally without sustained periods of cold or
heat. The average temperature in summer is in the range of 20°C at maximum
values up to 30°C, see figure 3. The winter is influenced by relative mild south west
wind so that the average temperature is around 0°C, whereby the last years longer
periods at partly strong minus-degrees and snow occurred in January and February.
The yearly mean temperature in Germany is about 9° C. [Climate 2011]

Figure 3: Average daytime temperatures for several years in Germany

updated: 21.10.2011

Temperature [°C]
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Source: [Lasch 2011] IEK-STE 2012

Corresponding to these circumstances the heat load curve in residential buildings
has typically its highest level between December and February and its lowest one in
summer time, as demonstrated with the blue graphs in figure 4, which are
calculated/measured for a single family house in 2007. The dark blue line is the
polynomial regression of the pale blue heat load curve, which bases on 1 hour data,
calculated from the heat demand value which were recorded in fifteen minutes
intervals. (Basis for the red electricity load curve are 1 minutes values which are
converted into 1-hour values.) Because of the heat storage capacity of a heavy
house construction (stone/concrete walls and concrete floor/ceiling) the rate of
temperature changing is relative moderate so that normally no peaks occur neither in
short nor in long recording time intervals.
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Figure 4: Yearly load curves heat and power of a single family house
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Source: [IEK-STE] IEK-STE 2012

In order to be able to evaluate the possibilities of an efficient operation of a micro
CHP appliance in the market segment “single family houses” it is of interest to learn
about the correlations between heat and power demand and options to influence
them also with regard to the use of smart appliances and smart grids.

Exemplarily for a winter day, 3rd January 2007 with an average temperature of ~
3°C, and for a summer day, the 21st July, temperature 21°C, figure 5 reflects the
conditions in a single family house located in the western part of Germany, where the

Figure 5: Heat and power load curves of a single family house

Heat and power load curves of a single family house, Heat and power load curves of a single family house,
Germany, 03. January 2007 Germany, 19. July 2007
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Source: [IEK-STE] IEK-STE 2012

climate is determined by damp and mild Atlantic winds from the west. The house ful-
fills the requirements of the 2nd Thermal Insulation Ordinance [TIO 82/84] and has a
reasonable insulation, double-glazed windows and so on. The specific heat demand
is in the range of 100 kWh/m?.
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It is obvious, that room heating dominates the heat demand in wintertime, while water
heating is the driver for the heat demand in summer time. The curve shapes in the
two charts of figure 5 point clearly out the difficulty of designing/choosing/operating a
CHP plant as an efficient, ecological and economical application in a single family
house. You have very less heat demand in summer time, which cannot be compen-
sated by changing the output, more power than heat. Consequently it is essential to
find a use for the produced surplus heat in summer time.

An emergency cooling is prohibited in order to ensure the ecological advantages of a
CHP application in general and to fulfill the efficiency requirements for funding
corresponding to the new German Directive on the promotion of CHP plants in
particular (annual efficiency min 85%, primary energy savings of at least 15% for
units <10 kWel and existing maintenance contract). [RFKWK 2012]

Opposite to the heat demand curve, the electricity load curve is more or less
characterised by fluctuations with partly extreme variations by some thousand watt
high and down within less minutes or even seconds. Take as example the one to
three minutes operation time of a 2.000 Watt hair-dryer in parallel to a water cooker
or coffee machine. Also the energy intensive heat-up phase of a washing machine is
not to be seen in recording intervals of 1 hour, as it takes typically not more than
fifteen to twenty minutes by new washing machines, which are using less water.
Figure 6 shows the load curve of a 30°C washing cycle with an energy intensive
heat-up time or only ~8 minutes.

But probably the fluctuation of the power demand or the power load is not really
important for the dimensioning of a micro respectively nano CHP system. That is also
a résume of the subtask A report of the IEA ECBCS ANNEX 42 'FC+GOGEN-SIM’
where the differences between load curves recorded at 1 minute respectively 5
minute intervals and consequences are discussed [Knight, Ribberink 2007].

The causers of the spikes may be of interest for the organisation of the future power
supply as they can be identified by smart metering. It is one of the expected
advantages of smart metering and smart grids to move a spike causing application to
less critical times triggered even via online-price signals. With regard to these
circumstances it should be tried to identify the smart-grid applicable household
applications and appliances. It is fact, that there is a change in energy intensive
appliances: While washing machine, dishwasher, refrigerator or freezer are
becoming better and better, the entertainment electronics like TV and computer need
more and more electricity and influence strongly the residential energy demand [Welt
online 2012].
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Figure 6: Electricity demand curve over the operation time of a washing
machine

30°C washing-machine cycle, 1400 rpm
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Up to now it can be said, that domestic CHP plants normally are grid-connected so
that the grid delivers that part of electricity which is not supplied by the CHP plant. So
far it is consequent to design the micro and nano CHP appliances corresponding to
the typical heat demand of a potential consumer or consumer category. Additional
the annual load duration curves in figure 7 underline that it is difficult to find a system
to meet exactly the demand or to operate it for an acceptable as economical time per

year.

As the thermal capacity of the with table 3 presented CHP technologies normally
does suffice to deliver the required energy for room heating and hot water prepara-
tion, the installed appliance contains an additional peak boiler (mostly gas condens-
ing boiler) which can deliver missing heat. Inherent part of the package is a hot water
buffer (also required by the new German CHP Act) to store surplus heat and to ex-

tend the operation time of the CHP in some respects. But in today’s houses, where
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Figure 7: Yearly electricity and heat demand profiles of a single family house
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the heating systems are often installed in the bath room, in the kitchen or at the loft,
the available space and the allowable static floor load are factors which limit the
storage capacity. Additional must be mentioned, that the efficiency of a storage
system is also a function of storage use and storage losses.

V. Calculations and results for the application of different CHP
technologies

It is obvious, that the larger CHP appliances of table 3a can be operated to supply
the demand in multi-family houses, especially in those cases in which also the hot
water is prepared by the central heating system. That opens the possibility to use the
CHP heat in summer time.

To find out some results for the operation of small CHP technologies, especially for
the new fuel cell and stirling engine systems, the supply of single family houses is
simulated/calculated.

The assumed data for gratification, fuel as well as electricity prices and for basic
rates, shown with table 4, are taken from companies price announcements.
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Table 4: Assumption for the simulation of a CHP installation in a single family

house
Building:
Single family house Electricity demand 4646  kWhg/anno
Room heating demand 18.668 kWhy,/anno
Hot water demand 2.850 kWhgy/anno

Assumptions
Electricity prices
kiloWatt-hour rate 22,86 ct/kWh
plus basic rate 77,02 Euro/household

gratification
feed-in tarif 11 ct/kWh (5,11 ct chp bonus, ~5 ct EEX-price, ~1 ct avoided grid costs a.0.)
CHP bonus for self used power 5,11 ct/kWh

internal compensation for (5,11 ct chp bonus, avoided kilow att-hour rate, w hich depends from supplier
P 27,97  ctlkWh
self used electricity ! ¢ and the tariff, exemplarily 22,86 ct/kwh in Aachen (Aix la Chapelle))

Gas prices
gas price 7,1 ct/kWh Gas 1m?® = 10,8 kWh
plus basic rate 138,66 Euro/household

Source: [IEK-STE] |IEK-STE 2012

The electricity price for domestic customers has three main components:

e 30% for power procurement and marketing

e 21% network charges

e 49% taxes and duties (renewable energies reallocation charge, CHP reallocation
charge and others)

The structure of the domestic gas prices is comparable in principle:
e 45% for purchase

e 31% for network, transport, distribution and billing

e 24% for taxes and duties.

Appliance dependent data as capacity, efficiency and others can be found in the first
lines of table 6 and table 7.

It is pointed out, that for the calculation no energy losses and no self-demand of the
appliances are regarded, neither vessel heat losses because of downtimes nor fuel
consumption for system starts or stops nor electricity for controlling and others .
Furthermore no start-up waiting times were taken into account. So far the results
mirror not reachable best cases with regard to fuel, electricity as well as heat
production and to cost respectively gratification. The technical difficulty for the house
internal use of the CHP-power is sketched with figure 9. Up to now the small scale
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Figure 9: Electrical integration of a domestic CHP plant
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CHP appliances are normally connected via one power phase to the house internal
grid, either to be used via that line or to be fed into the public grid. Even if there
would be a three line connection, the contribution of the CHP-power to the house
supply depends from the actual electricity demand at each phase. Typically the base
load of a single family house is in the range of 100 to 300 Watt per hour, whereby
there is a clear tendency to 100 Watt or less as there are the political, financial and
ecological requirements for a reduction of the demand (no stand-by appliances, less
watt bulb etc.).

Results of the calculations are presented with table 5a and 5b, whereby further
details are given with table 6 and table 7. A condensing gas boiler with a buffer
storage and an additional 5 m? solar thermal system is chosen to be the reference
system, as it fulfills the requirement of the Renewable Energies Heat Act [REHA
2011]. Also other systems like heat pumps or pellet systems etc. fulfill the
requirements which are predicted for new house constructions respectively
comprehensive renovation measurements since 2011. But such systems are not
regarded with this elaboration.

All included CHP systems have a 300 litre hot water buffer storage (= 3.488 Wh).
That volume does not prove itself to store so much surplus heat that the operation
time of the CHP can be extended significantly in situations with no heat demand.
(The aspect of the allowable buffer dimension/weight is mentioned before.) In the
simulation, the buffer storage is used to supply first the room heat demand. The
remaining heat demand is supplied by the CHP and if necessary by the peak boiler.
The buffer storage loading depends from the demand in the next hour which is
known as calculated separately. That procedure was chosen to avoid non-essential
heat work of the CHP unit or the peak boiler.
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The yearly operation hours of the fuel cell systems vary between 4.700 hours for the
Galileo and 5.200 hours for the CFCL-Sanevo (BlueGen), see table 5a. As the
thermal capacity of these appliances is only in the range of 2.000 W, the peak boiler
is operated for ca. 1.000 hours per year, except of the 574 hours in the case of the
Galileo N and the 776 hours for the power driven CFCL-Bruns calculations. The
power-driven case was simulated to find out the effects on the fuel demand, the
costs, the CO,-emissions and on the economy of that operation mode. It results in
8.317 operation hours which lead logically to a very high power generation (16.634
kwWh/a) by which the domestic power demand can be supplied by 98%. The amount
of self-used CHP power is calculated by comparing the hourly power demand, known
from separate simulations/measurements, and the CHP generation at the same time
period. The power self-supply share reaches 55% to 65% of the domestic power
demand for all fuel cell CHP cases. The same range is reached by the Ecopower 1.0
with 57% and the Dachs 5.5 with a share of 60%.

Data of the costs, primary energy consumption (fuel for the appliance as well as
primary energy factor for the purchased electricity) and emissions are collocated in
table 5b. At the web sites of Sanevo you can get some price information for the
BlueGen and its installation. Sanevo sells a BlueGen generator for 38.294 €
(inclusive 19% VAT and installation). A peak boiler is not part of that offer. For this
report it is calculated with ~7.000 € so that a retail price of 45.000 € results. As the
retail prices for the Baxi and Hexis systems are unknown, the 30.000 € are guessed
on the base of the quotation of the price by Sanevo. Reason for the lower price is the
different power to heat ratio, which is seen as a price reducing factor.

Beginning in February 2012 a new CHP-subsidy program of the German government
is starting. It is a single-payment for all CHP plants up to a capacity of 20 kW and
graduates itself as follows: 1500 Euro for units up to 1 kWel; further 300 Euro for
each kW from 10 kW up to 20 kWel. [RFKWK 2012] The values in the second row of
table 5b are the resulting investment, official retail price minus CHP subsidy.
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Table 5a: Results of the simulation “Micro CHP systems in a single family

house”
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Table 5b: Results of the simulation “Micro CHP systems in a single family

house”
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The yearly capital consumption of the investment is calculated with a real interest -
rate of 4,9%/a and for 10 years. Maintenance costs are accounted as the subsidy
payment is coupled to a maintenance contract [RFKWK 2012]. The yearly operation
costs for the house owner result from the addition of that costs and the payment for
gas as well as electricity, whereby the CHP-bonus and feed-in payment are
deducted.

The next row shows the extra costs of each technology compared to the reference
“condensing boiler with solar thermal support”. The highest “extra costs” are
calculated for the CFCL systems. It is caused by the high retail price respectively the
high yearly fix and variable costs which cannot be compensated by the high
electricity generation (7.600 kWhe — 16.600 kWhe;) which provides for a high CHP
bonus and a high feed-in gratification.

For the calculation of the primary energy consumption the natural gas consumption,
the grid power purchase and the CHP generation of power are taken into account.
The CHP power substitutes grid power which has a primary energy factor of 2,46
(2010). That procedure leads to a significant reduction of the primary energy of all
CHP-using households in comparison to the reference. The reduction reaches its
maximum for the power driven operation of the CFCL system, caused by the high
electrical efficiency and the resulting high power generation.

A comparable procedure is done with the CO,-emission. The CO,-emission factor of
the CHP power is clearly lower than the average value of grid power. The difference
between grid power emission and CHP power emission is subtracted from the CO,-
emission of the house energy supply system. That procedure explains the partly very
high amount of avoided CO,-emissions.

Table 6 and table 7 give some detailed results on the operation hours of the CHP
and the peak boiler, on the gas consumption for CHP power and CHP heat, on the
expenses and gratifications as well as on the allocation of the CO, emissions.

Up to now, the results are still incomplete, as sensitivity analysis are not yet done.
Furthermore the function “modulating operation” is not yet regarded correctly, it may
have a greater importance than thought and calculated up to now.
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Appendix

As this elaboration is destined for the work in Annex 25 IEA Advanced Fuel Cells
Stationary Application Subtask |, it would be of interest, to collect similar data for
other countries, i.e. potential market situation and volume (like tab 1 and tab 2),
typical competitors (Table 3), typical application (heat and power or additional
cooling), typical heat and electricity load curves for single family houses (Figure 4
and Figure 5), information on the gas network (length, share of connected
houses/flats) - as the CHP technologies need a connection to the gas grid - and data
on the energy prices, its components (taxes, duties etc.) and of course information on
feed in gratifications, chp boni, investment subsidies and others, which will enable us
to upgrade our knowing of the situation in the residential sector in the countries of the
annex members.
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