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About the presented cogeneration technology we could state that it has a higher
(2.5-fold) emission efficiency in relation to CO-, beside its energy efficiency (1.5-
fold) therefore its environmental load decreasing effect is unquestionable. It is ex-
pected that it will be a significant factor of the future energy mix. We tried to em-
phasize the emission efficiency of the cogeneration technology by its introduction,
since its interpretation is much harder because of its complexity.

Besides its emission efficiency, other loads can also be considered as goals in
other studies for the classification of power plants (soil load, water load, noise, haz-
ardous and communal wastes, packaging materials, applied chemicals, etc.). For
this the detailed knowledge of production technologies are needed, detailed inven-
tory has to be prepared by the evaluation of material- and energy flows and in this
way the total environmental impacts can be estimated e.g. by the referenced life
cycle assessment methods (page 156 of [8]).

THE EU CLIMATE AND ENERGY PACKAGE

Climate change has become a business reality to which companies must react. As a
consequence business executives are asking themselves questions such as: How
should my company prepare for a carbon-constrained world? Do we know how
much greenhouse gases my company emits to make products (or make the energy I
consume or produce)? What does a carbon footprint look like?

Without action global emissions are forecast to double by 2030. The Intergov-
ernmental Panel on Climate Change, advisory body to world leaders concluded in
2007 that global carbon dioxide emissions would need to fall by 50-85% by 2050 to
prevent average global temperatures from rising more than 2°C [1].

In March 2007 the EU’s leaders endorsed an integrated approach to climate and
energy policy that aims to combat climate change and increase the EU’s energy se-
curity while strengthening its competitiveness. They committed Europe to trans-
forming itself into a highly energy-efficient, low carbon economy.

To start this process, the EU Heads of State and Government set a series of de-
manding climate and energy targets to be met by 2020. These are:

» Areduction in EU greenhouse gas emissions of at least 20% below 1990 levels

» 20% of EU energy consumption to come from renewable resources

* A 20% reduction in primary energy use compared with projected levels, to be
achieved by improving energy efficiency.

Collectively they are known as the 20-20-20 targets.

The EU leaders also offered to increase the EU’s emissions reduction to 30%, on
condition that other major emitting countries in the developed and developing
worlds commit to do their fair share under a global climate agreement.

In January 2008 the European Commission proposed binding legislation to imple-
ment the 20-20-20 targets. This ‘climate and energy package’ was agreed by the Euro-
pean Parliament and Council in December 2008 and became law in June 2009 [2].

* Synergy Kft., miszaki vezet6.
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What exactly will change? The package of EU climate and energy measures ap-
proved in December 2008 implements these targets.

» For power plants and energy-intensive industries - emissions to be cut to 21%
below 2005 levels by 2020. How? By granting fewer emission allowances under
the EU Emissions Trading System (ETS) (covering some 40% of total EU emis-
sions).

» For sectors not covered by the ETS (e.g. transport (except aviation, which will
join ETS in 2012), farming, waste and households) - emissions to be cut to 10%
below 2005 levels by 2020.

¢ How? Through binding national targets (with higher reductions for richer coun-
tries and limited increases for the poorest ones).

* Renewables will produce 20% of all the EU’s energy by 2020.

¢ How? Through binding national targets (from 10% for Malta to 49% for Sweden).
At least 10% of transport fuel in each country must be renewable (biofuels, hy-
drogen, 'green’ electricity, etc.). Biofuels must meet agreed sustainability criteria.

» Promotion of safe use of carbon capture and geological storage (CCS) technolo-
gies which could eventually remove most carbon emissions from fossil fuels used
in power generation and industry [3].

The Copenhagen climate summit ended on the 19th of December 2009 with its
climate agreement (Copenhagen Accord) is between the pessimistic (Nopenhagen)
and the optimistic (Hopenhagen) expectations.

According to the evaluation of the UN chief secretary, the document could not
contain all the wishes of everyone but an important starting point, or a good frame
so that to make a legally binding agreement in the future. By all means, the docu-
ment is executable immediately and there are sources and assets behind, the chief
secretary said.

The compromise might be evaluated poor or good still we have to notice some-
thing. It seems, that with this action the starting point of a new political global sys-
tem is observed in some extent within the frame of the UN. And it is promising.
Sanguineous environmentalist might criticize the agreement but not much more
could be expected after the warning of the participants involved in the main conflict.
Even the president of the EU Committee advised not to be overoptimistic before the
summit. In contrary EU industry warn him not to increase the CO- reduction target
from 20% to 30% [4].

ROLE OF THE ENERGY SECTOR

The energy sector is connected with the problem in several ways. Firstly as a de-
nominated sector, secondly as one of the significant emission factor of CO-, NOx,
SO- and fine particles. And what will be the new (if any) CO2 reduction target in
the EU? We will see, but let’s examine the Hungarian energy situation in the fol-
lowing.

The electric energy consumption in Hungary was 42.75 TWh in year 2006, the
production of domestic power plants was 35.5 TWh thereof, the excess demand was
covered by import of electric energy. If we examine the breakdown of production
according to fuel types, we can establish that the majority of energy generation was
produced on the basis of natural gas/oil (38%), with negligible ratio of oil thereof,
the next category is electric energy generated by using nuclear fuel, ratio which is
the same magnitude 37%. The coal based electric power generation is 20% (lignite
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based 77% thereof). The ratio of electric power production based on renewable en-

ergy sources is 5% of domestic production (the largest ratio is biomass, 65%, the

ratio of other renewable energy sources are 22%, water 10%, wind 3%) [5].

Taking into consideration the formerly prognosed demand, it is necessary to in-
crease both the capacity of small power plants, below 50MW, and the capacity of
classic, traditional large power plants. We have to take into consideration the spe-
cific conditions of the country.

From the existing 9,000 MW total installed electric power generation capacity
4,000 MW will shut down until 2025, 0.5 thousand MW import will cease, while the
demand will increase by 0.5-1.5 thousand MW. It means that in the next 1.5 decade
5-6,000 MW capacity should be installed ([6] page 45). Regarding development of
large power plants there was announced several investment idea in the last one-1.5
year, most of them were installation plan of gas fired power plants (See Table on [6]
page 44). The development ideas of traditional coal based (domestic lignite, import
coal) and nuclear power plant development will be subject of future decisions. On
the basis of ,pillars” of ,safety of supply” and ,sustainability” following statements
can be made, which partly are necessarily contradicting each other.

« for ensuring the safety of supply, i.e. for decreasing the dependence on import
and dependence on import of natural gas, the solution would be the use of do-
mestic lignite or development of nuclear power plant,

« from the sustainability point of view, taking into consideration the quantity of
emission of green-house gases, besides the use of renewable energy sources, use
of cogeneration power plant and/or combined cycle technology could be the so-
lution against coal fired alternatives, but in longer term the nuclear power plant
development can be mentioned here too as a potential real solution [5].

Taking into consideration the ratio of natural gas consumption and the above
mentioned future ideas, it is reasonable to examine the efficiency and emission is-
sues of natural gas fired power generation plants and especially the modern version
of it, the cogeneration power generation technology, and illustrate it with an exam-
ple. The most important question which must be answered is how these technolo-
gies, and the technical — technological efficiency associated with them can assist in
decreasing the load on environment.

It is known as paradox of JEVONS, that energy efficiency developments are ori-
ented more in direction of increase rather than of decrease of energy consumption.
(Or we can mention the statement that the energy is the propellant of modern eco-
nomic systems, rather than these systems are creating the energy demand ([7] page
1464). Independently from pro and contra arguments it is rather unlikely that every
improvement in energy efficiency finally will be reversed ([7] page 1468), therefore
it is reasonable to present the favourable effect of these technologies on environ-
mental load.

There was a former study performed on Hungarian energy mix, and assessment
of life cycle thereof, which examined what amount of environmental load is associ-
ated with production of 1 MJ product in the Hungarian electric energy system, in
cases of use of different primary energy sources, from exploration until emission
and disposal of wastes thereof ([8] from page 153). The study established in detail
examination that it is influenced by many factors, and especially it is difficult to
measure the effect of primary sources if cogeneration of heat and electric energy is
performed ([8] page 174).
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ENERGETIC BENEFIT OF COGENERATED ENERGY

The “benefit” of cogeneration can be presented at the input side as follows:

Primary energy is used in a common technological process, in which heat and
electric energy is simultaneously generated.

Let suppose, that 1 GJ natural gas is feeded into a gas motor, wherefrom in a
technological process 0.4 GJ electric energy (40%) and 0.42 GJ heat energy (42%)
can be produced (total efficiency is 82%) taking into consideration the efficiency
parameters of the process.

The same quantity of electric energy in a condensation power plant of 35% effi-
ciency would be produced from 1.142 GJ natural gas, and 0.42 GJ heat energy could
be produced from 0.456 GJ natural gas, if we produced it in a boiler with the effi-
ciency of 92%. The conclusion is that 1.598 GJ natural gas would be used instead of
1 GJ if we would not use cogeneration (1.5-times higher efficiency) [9].

(If we could increase the efficiency of traditional condensation power plant to the
efficiency of gas motor, then the necessary excess energy input would not be much
less.)

Cogeneration establishments generating electric energy and heat are modern,
they are easy to control, they are designed taking into consideration the decrease of
environmental load especially, and, their contribution can be quantified and are
significantly beneficial as it will be shown below.

(The cogeneration also has some disadvantages originated from the applied tech-
nology, namely the demand for electric energy and heat energy must exist simulta-
neously in order to utilize the beneficial specific characteristics of the technology.)

The support of useful heat demand based cogeneration production is also pre-
ferred by the EU (2004/8/EC Directive), taking into consideration that even a small
power plant (less than 50 MW) with larger capacity can economize many hundred
thousands GJ heat energy as primary energy using the cogeneration technology.

In addition to cogeneration technology we have to mention the trigeneration,
where in addition to production of heat and electric energy the so called cold energy
is also produced, i.e. the heat or part of it is used in absorption type refrigerators,
and is supplied in this form to the customers [9].

The standpoints are quite uniform regarding the energy efficiency issue above,
but evaluation of certain situations is not always unambiguous even there, e.g. what
is the real operation mode within one technological solution, what is the ratio of
different energy types, etc.

Already one day or one week average value can mask out the difference between
operation conditions, and it is more important in case of average values of longer
periods. As an example we present a case with two different operating conditions of
a given heat supply where auxiliary equipments also exist. In addition to the cogen-
eration equipment such type of equipments are also necessary for the safety of sup-
ply in a given heat supply system, and, the heat generation has usually higher prior-
ity than the electric energy generation in such systems.

The following can be observed in case of a power plant which has two cogenera-
tion blocks.

In case of same heat generation (let assume now 100 t/h) if only one block is op-
erating, then it shall produce 16 MW electric energy and 30 t/h heat energy, and
considerable part of heat energy will be produced in the auxiliary units (70 t/h)
using 13,000 m3/h natural gas as total for the production. If the same 100 t/h heat
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energy will be produced in two blocks, it means that it is operated at e.g. 48 MW
(2x24 MW) electric power level, we will cogenerate 80 t/h heat, therefore only 20
t/h heat capacity is necessary from auxiliary boiler unit. In this case the natural gas
demand will be 18,000 m3/h.

Because the same heat quantity is produced, the production target value is the
same, but the implementation is very different, what can be a result of several tech-
nical and economical reasons temporarily, but it can be seen, that in this case prac-
tically using “plus 5,000 m3/h natural gas 32 MW electric energy was produced”,
which is a very good result, taking into consideration that one block in the examined
case in reality uses approx. 7,000 m3/h natural gas for only 25 MW! [10]

In addition to the above the judgement of cogeneration power plants is not sim-
ple in that respect how the outputs, the emissions are evaluated and what kind of
data are compared.

EMISSION EFFICIENCY

Let’s examine the output side as a case study and as a typical example in the fol-
lowing. BC-Erémii Kft. (as a cogeneration producer) has been operated with the
following operating data in 2007 [10].

Table 1
Monthly production of BC-Erémii in the year 2007 ([10])

Month | Sieam | Ejetrls onth | iean | Eieee
January 64,561 32,602 August 43,117 12,157
February 54,856 27,241 September 56,582 28,631
March 55,514 28,239 October 57,467 31,722
April 58,237 31,245 November 58,631 32,752
May 56,140 30,396 December 60,841 33,465
June 52,759 28,124 Sum 669,128 342,243
July 50,423 25,669

We have collected the emission and operating hours data of the main compo-
nents in the Table 2 (see the next page).

The annual NOx emission was 112 tons, while CO was 70 tons and CO. was
210,000 tons. On the basis of the operation hours of the non-cogeneration (AB1 and
2) equipment we could state, that they represent only 12%, with regard their pro-
duction — as a result of their average load comparison to other equipment (HRSG1
and 2), — they represent even less, only approximately 5%, while their emission is
only 3% of the total annual value in respect of CO., 2% of NOx and minimal amount
of CO.

It can be seen on the level of emission quantity that the emission of CO- is higher
by 3 orders of magnitude than the NOx and CO emissions (~200,000 tons of CO-
against approximately 100 tons of NOx and CO). Therefore cogeneration power
plants are treated as more beneficial primarily because of their CO- emission.
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It does not mean that the NOx, and CO emissions would not be important, but these
values are influenced by several other factors (primarily the type of firing, the techni-
cal parameters of combustion, etc.). Very strict NOx and CO limit values have been de-
fined for the individual equipments which have to be met. For example, at the inspected
power plant, the NOx emission of the gas turbine is fitted with a so-called DLE system -
dry low emission natural gas burner system, which is intervening at the actual load and
feeds dilution air in order to decrease NOx formation at high temperature.

If we are examining the national emission rate of NOx, we could see that its an-
nual value is approximately 280,000 tons which main contributor is traffic. Ac-
cording to estimates (made on the basis of previous years’ data) the emission of
power plants are below 50,000 tons [11]. The annual value remains the same, which
is caused by the increasing emission rate of traffic and the decrease of the emission
rate by power plants. The comparison of the NOx emission between the traditional
coal based power plants and the gas based cogeneration power plants has been car-
ried out in the following way:

We have compared one of the main Hungarian coal based power plant to the
natural gas based one described in this study. The electric energy capacity of the
coal fired power plant is five times of the natural gas one (page 32 of [12]) and its
annual production is approx. four-fold. In addition to this fact, the heat production
is six times higher for the latter one, i.e. the heat output of the cogeneration tech-
nology - specifically - very significant. Examining the NOx emission on the basis of
the available data (page 34 of [12]) we can state that, the emission of coal based
technology is 15 times more than natural gas one. So if we examine only the electric
energy production without the heat generation, then we can declare that the 4-fold
production combines with 15-times more NOx emission rate.

As compared to NOx emission data, there is fewer summarized data available
about CO emission. CO emission data are not published by e.g. energetic-statistical
publications [12]. There is only NOx emission data in the study prepared in 2006 on
the environmental economy benefits of district heating [13] and the energetics
books published in the field of cogeneration [14] also only emphasize the CO- emis-
sion reduction as the environmental protection benefit of this kind of technology. In
respect of CO emission we could state that on the level of equipment (e.g. tradi-
tional boilers fired by natural gas) the CO emission is very favourable, well con-
trolled, while cogeneration gas turbines operated on part load might have very infa-
vourable CO emission.

We could examine not only annual summarized data, but snapshot values too.
According to these values and illustrating with an example we could state the fol-
lowings [10]:

At 40 t/h steam production (performance level): There was 0.38 kg CO, 1.74 kg
NOx and 5,570 kg CO- emission, when the natural gas fired boiler had produced 40
tons of steam during 1 hour (on the basis of data obtained on 8th April 2009). In
comparison to this, the gas turbine at the same performance level (i.e. 40 t/h steam
production) as well as with the cogeneration of 19 MWh electricity (at 19 MW per
one hour) had an 2.7 kg CO, 6.36 kg NOx and 11,200 kg CO2 emission (on the basis
of data obtained on 9th July 2007). In other words, the generation of 19 MWh elec-
tric energy costed 2.3 kg CO, 4.6 kg NOx and 5,600 kg (surplus) CO.. Expressed in
energy equivalent, the 40 t/h steam production with the specified pressure and
temperature (30 bar (g), 370 °C; the energy content of the steam is approximately
3.1 GJ/1) results 124 GJ/h, which means 34.44 MW energy production.
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(As it is well known, 1 W= 1 J/s from which 1 GW=1 GJ/s; 1 GJ/h=1/3600
GW=1/3.6 MW=0.2778 MW.) As it follows from the above mentioned, the 19 MWh
electric energy generation beside the 34.44 MWh steam production accompanied by
a relatively significant, 2.3 kg CO, 4.6 kg NOx and 5,600 kg CO- emission. Of course,
this ,surplus” related to the electric energy was well seen at the energetic compari-
son, it means, that we could produce steam in a boiler with a high (92-93 %) effi-
ciency, but in this case we got only one product — steam — and the efficiency of
electric energy generation is only around 40%. It is much worse in a traditional coal
based power plant. (But, as we have seen, in case of cogeneration the total efficiency
could reach 80-85%.)

The comparison of CO and NOx emissions is more difficult if we would like to
compare cogeneration technology with the non-cogeneration type. So it is not simi-
lar to the one we have made with primary energy sources and stated their savings;
although CO- is comparable and measurable. According to the data shown in Table
3 we could calculate the CO- emission resulted by the generation of 19 MWh on
natural gas base (19 x 0.502 tons = 9.538 tons = 9,538 kg, and just compare it to the
above measured 5,600 kg value):

Table 3
Specific CO- emission rate of electric energy generation
in case of natural gas and coal based production ([10])

Electricity - 1 MWh production Natural gas Coal
Required quantity (ms3, kg) 265 762

Efficiency (%) 40 35

Calorific value (MJ/ ms3, kg) 34 13.50
Emission factor (g/MJ) 56.1 95.1
Oxidation factor 0.995 0.99
Released CO- (t) 0.502 0.97

As it can be seen and represented by the specific values, the emission rate is al-
most double in case of the coal based production. On the page 366 of [14], we find
relatively similar values for the specific CO- emissions.

The CO- emission benefit of cogeneration can be quantified by the comparison of
these two data, as the energy input (comparison of traditional power plant and co-
generation power plant). We obtained the same rates by the comparison of our
natural gas based power plant and the previously mentioned coal based power
plant. After all, the 4-fold difference in production accompanied by almost 8-fold
CO: emission (As you can see on page 34 of [12] it means 210,000 tons for the natu-
ral gas power plant and 1,630,500 tons for the coal based one, which values does
not include the extra heat output). Following the scheme of Table 3, we could cal-
culate the CO- emission rate related to one unit of heat energy for the different en-
ergy sources (see Table 4), as well as the CO- emission rate related to a given unit of
heat - that is cogenerated with one unit of electricity - and one megawatt of electric
energy for cogeneration case (see Table 5).
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Table 4

CO2 emission rate related to one unit of heat energy
for different energy sources ([10])

Steam — 1 GJ production Natural gas | Extra light oil Coal
Required quantity (ms3, kg) 32.7 27.1 89.2
Efficiency (%) 90 90 83.0
Calorific value (MJ/ma3, kg) 34 41 13.5
Emission factor (g/MJ) 56.1 77.37 95.1
Oxidation factor 0.995 0.995 0.99
Released CO: (t) 0.062 0.086 0.1134
Table 5

CO2 emission rate related to a given unit of heat and one megawatt
of electric energy for cogeneration case ([10])

?ﬁii?gg:gﬁgiﬁ%y Steam 5.625 GJ Electricity 1 MWh
Required quantity (m3) 331

Efficiency (%) 50 32
Calorific value (MJ/ms3) 34

Emission factor (g/MJ) 56.1

Oxidation factor 0.995

Released CO- (t) 0.628

Accordingly, in the case of cogeneration the 0.628 t value has to be compared
with the 0.97 t value of the coal based electric energy production plus to the 5.625 x
0.1134 t value of the coal based steam production, which practically means a 2.5-

fold efficiency!

The comparison is more difficult, if the natural gas based cogeneration has to be
compared with the nuclear power plant or power plants using renewable energy
sources, considering the fact that their CO. emission is zero. In this case cogenera-
tion does not decrease the specific CO- emission, on the contrary, it increases the

emission (see page 370 of [14]).

Similarly to the energy inputs and production outputs, the CO. emissions also
can be converted into economic data if we know the market prices. For example at
the current market price we have to use 13 EUR/t CO- value.
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