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Classification of Waste-to-energy Plants
in Terms of Energy Recovery

(
TiA ~ uscful energy ~ Ep .) (2).

total cncrgy mput Ew + Er + EI Balance circlc I

1 Reference is made at this point to the pre-
viously specified references [2 and 4 to 10)
on detailed performance of balances.

2 "Energy flows" are referred to in abbreviated
form as "energies" below.

where mAF is the waste mass flow and hu•AF

is the lower healing value oflhe waste,

- energy flow Er in the fuels that "colllri-
bute to the generation of steam" (aceor-
ding to [3]),

- other incoming ("importcd") energy flows
Ei, such as those in allxiliary materials. as
condensate returns, as elcctrical encrgy.
etc. (according to [3]).

The following nows leave the plant:

(I)Ew = rhAF . hu.AF

The following nows enter the plant:

- energy flow2 Ew in the waste

- the lIsable ("generated") energy flow Ep.

- the unusable energy flow, i.e. plant losses
Ever, e.g. flue gas losses, losses in the
solid residues, radiation losses, etc.

To assess encrgy conversion the so-called
cnergy efficiency is llsed. wh ich always cal·
culates the ratio of the generated lIseful cller-
gy (gain) to the total energy input required 10

achieve this gain. Input and output variables
must basically be used at one and the same
(respectively selected) balance boundary. In
the case ofbalancing circle I, which encom·
passes the plant (index "A") as per Figure 2.
the following rcsults:

Technical Viewpoint

Before the energy in a waste·to·cnergy plant
can be assessed, it is imperativc to establish
a balancing system with a balance boundary
(balance circle) for the plant ( F i gur cl) .

Mass and energy balances are lhereafter car-
ried out on Ihe basis ofthis balancing system;
all flows are indicated, numbered and provi-
ded with figures and units [e.g. 2 and 4].

Thc sum of all incoming nows is checked in
order to ensure that it is identieal to the sum of
all out·going flows. Examples of this can bc
fall nd in [e.g. 2, 4, 5, 6, 7]. Not only can ba-
lances ofthis kind then be used to assess whe-
ther. technically, a net gain or nct input has oe-
currcd (by means of efficicllcics), thcy also
scrve as a basis for estimating
thc potential for improvement
or optimisation in waste-to-
cnergy plants [e.g. 8,9, 10].

Figurc 2 illllstratesabalancediagraml for
the energy balance.

For the sake of clarity, the symbols used in
[3] are also lIsed here to indicate the in-
coming and out-going energy flows.

1. Die VOI-Richtlinie 3460 [2J basiert auf be-
kannten und bewährten ingenieurtechni-
schen Kenntnissen und ist damit die Grund-
lage der Bewertung der Energieeffizienz von
Müllverbrennungsanlagen, insbesondere vor
dem Hintergrund der Optimierung.

2. Die R1-Formel [3J hat eine politische Ord-
nungsfunktion zur Unterscheidung von R1
und 010 (R1 als FachbegritQ.

3. Bei Unterscheidung der beiden vorgenann-
ten Betrachtungsweisen 1. und 2. ist die
Bezugnahme in der VDf-Richtlinie 3460 auf
R1 damit nicht erforderlich.
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Figure 1. BaianGing system of a plant.
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Irl Ew+Ef+Ei I
Total energy

input

Figure 3. Basic illustration of a balance diagram for the energy balance with recircufation
(description in text).

(6).

Useful energy +
lasses

In this ease, absolute flows, i.c. heat flows
and the eleetrical output, are used for the pur-
pose of exemplary observation.

If it is assumed that the gain lies in the pro-
duelion of eleetrieal energy,
the eleclrieal
effieiency (aecording 10 thc
ratio of areas in Figure 4)

for this power plant proeess is, as illustrated
in Figure 4 (simplified T.S diagram):

In practisc, the eleetricity yield ß [lI) ex-
pressing the ratio of eleetrical output to the
used fuel energy flow (waste energy flow Ew
as per equation (I» is an important charac-
teristie:

equals

(4).

Ew

Total energy
input

Ir!

energy (gain) to the total energy input requi-
red to achieve this net gain (waste only) re-
sults in thc cfficicncy as shown below, and
shall now be known as the net plant effici·
eney,

(
'ho" ~ userul energy ~ Ep- (Ef+Ei)) (3)

total energy lIlput Ew Balance ClfC1c 2

Ep
TlA=- Ew

The efficiency TlA.nct can be used to directly
assess wh ether encrgy recovery is taking
place or not. TlA.net> 0 indicates technical re-
covery.

In waste-to-energy plants, the energy flows
Ef and Ei can often remain outside the equa-
tion for the first approximation; the following
then applies:

Figure 2. Basic illustration of a balance
diagram for the energy balance
(description in text).

Assessment of thc plant's energy efficicncy
based on waste as the sole input (balance
circle 2) and using the ratio of net useful

If thefe werc no waste, thc additional1y rc-
quired energies Ep and Ei (over and above
the encrgy in waste) would not be ncedcd,
i.e. energy resümees CQuld be saved equal (0

the amounts Ep and Ei. Ifthe energy efficien-
ey cf the plant is 10 be accessed in terms of
the was te used only, the energy input (Ef
and Ei in Figure 2) ovcr and above that
from the wasle must be subtracted from the
useful energy3 Ep in balance cirele I The
net gain Ep ~ (Er + Ei)4 then remaills as the
gain. A new balancing system with a (theo-
relicat) returned flow Ef + Ei appropriately
clarifles this subtraction, which is illustra-
ted in Figure 3. There, Oll the basis of Figu-
re 2, balance circle 2 results by adding the
recirculated flow Ef + Ei. As can be seen,
only the energy bound to the waste Ew is
supplied to this balance. Therefore, the net
gain (net target energy) can only be altribu-
ted to thc waste.

(7).

the equivalellt value of the electrieal energy
results as folIows:

The thermal energy flow Qzu required for the
eycle is provided by the conversion of fuel

(9)

(8).

(10).

In response to the quest ion which produced
electrical output is equivalent 10 the supplied
cncrgy (rilo . hu).

~mportant to emphasize that the total
supplied fuel energy flow is included when
electrical energy is multiplied by its equiva-
lent value (ß . äel = 1 as per equation (10), see
also equation (8)).

or also the relationship:

ß' äel = 15

According to the VDI guideline 4661 [11],
Ep signifies the sum of electrieal (Pe!) and
thermal (QNUlZ) useful energy (gains):

Ep ~ P" +ON," (according 10 [11]) (5).

To illuslrate the use of equivalent val lies,
simple ideal thermodynamic cycles are as-
sumed (Figure 4). The left side of Fig-
ure 4 il1ustrates an ideal gas turbine process,
the right side an ideal steam power process.

In eonneetion with the oecurrence of dif-
ferent energy types (as in this ease thermal
and eleetrical energy), the issue frequently
arises oftheir assessment in comparison with
Ihe type ofineoming energy supplied, in this
ca se in eomparison with the incoming fuel
energy flow rnu . hu.B. When different energy
types are being assessed, values known as
equivalent values are introduced. J-1owever,
whcn doing so, attention must be paid to Ihe
thermodynamic background, in particular to
the general1y applicable conservation equa-
lions.

3 Following [11] the term "target energy" is
used in [2J for this purpose. The "net target
energy" remains after theoretical return of
the energy input over and above that from
the waste.

4 The individual energies Ep, Ew, Ef and Ei are
different types of energy, e.g. chemically-
bound energy, thermal, electrical energy,
etc. and therefore also have different ratings.
When determining net useful energy (ga in),
the input Ef and Ei must be subtracted fram
the generated gain Ep. In the case of electri-
cal energy, this is not an issue, Le. the requir·
ed additional electrical energy can simply be
subtracted from the genera ted electrical
energy. However, if the plant produces only
thermal energy or if the input in terms of ad·
ditional fuels (chemically-bound energy) is to
be subtracted, more complex substitution
considerations are essential. The rating of a
particular energy type can be expressed for
example by the energy exchange ratio (ratio
of the substitution energy, e.g. steam, to the
energy to be substituted, e.g. natural gas).
Reference is made to [12 to 16] for determin-
ing energy exchange ratios and their treat-
ment in the context of balances. For the
sake of clarity, the value 1 will be used for
energy exchange ratios here.
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used to answcr the quest ion of whether ener-
gy recovery is taking place in a waste-to-
energy plant. This R I factor is ca1culated in
eompliance with the currently valid Waste
Framework Direetive from thc rclationship:

Assuming thaI. as it is frequently the case. Ef
and Ei need not be taken into aceount for a
basic, clear representation, there is a further
simplification, so Ihat instead offaetor 0.97,
faetor 1 can bc used to simplify formula (23)
which results in the following Rl factor:

7 R1 factor in [3] represents the energy recov-
ery process (main use as fuel or other means
of generating energy).

8 D10 in [3] represents thermal elimination
(combustion on land).

9 Condition for energy use [3Jfor plants appro-
ved before 01.01.2009 R1>O,6and R1> 0,65
for approved after 31.12.2008.

(25)

(26).

(24).RI=~+ Oth'älh
rilAF . hu•AF rilAf . hu.AF

Latin Leiters
äcl equivalcnt vallic for clectrical energy

Üth equivalent value for thermal energy

Ef fllel energy

Ei other incoming energy

Ep usable energy

Symbols

VGB PowerTeeh 10/2007

The VDI guideline 3460 [2J is based on
known and proven engineering knowledge
and forms thc basis for assessing the ener-
gy efficiency of waste-to-energy plants
with panieular referenee 10 optimisation.

2. Thc R I formula [3] has a politically regu-
latory funclion for differentiating between
RI and 010 (RI as the teehnical term).

3. When differcntiating between the two ap-
proaches mentioned abovc, land 2. it is
lInnecessary to refer 10 R I in VDI guide-
line 3460.

RI =ß'äe!+U'äth

and with equalion (I 0)

RI = 1+0' äth

Resume

for gcnerating eleetrieal cncrgy in power
plants äe! = 2.6

and

Since from a political point ofview. the equi-
valent for eleetrieal energy is the point of
orientation, that is number I in (26), and ther-
mal gain is additional taken into accounI. it
follows that the R I factor can be greater than
I. Wlten a plant is being evaluated. however.
average values and not thc plant's own equi-
valent values are applied for the practical as-
sessment calculation regulation. These values
are:

for the provision of thermal energy in
heating stations ä1h = 1.1.

Duc to specified physical bOlilldary condi-
tions in wastc-to-cnergy plants, their electri-
cal efficiency is relatively low compared
with Qther power plants. Therefore, in gene-
ral, the above mentioncd average equivalent
values rclating to the formula (23) for wastc-
to-energy plants provide R I va lues that are
less than I (RI < I) (down to RI <0.5). even
though, as explained above, va lues where RI
> I do oceur. There are examples of this in
[5,6]. Tbe R I fonnula only applies 10 waste-
to-energy plants.

With Ihe relationships presented in (7) and
(14), the formula (24) conscquently becomes

(21).

(23).

RI- Ep-(Ef+Ei)
0.97' (Ew + EI)

Rl ~ P,,'ä,,+O,h' ä,h-(Ef+ Ei)
0.97· (mAf' h,.Af+ EI)

Iffor existing plants9 R 1>0.6, the law deerns
thc status to be that of energy recovery.

The abbreviations in this formula (21) are ex-
plained below:

- Ew: Ew is the cnergy now in the waste
(Ew = mAF' hu.Ar> and it therefore has Ihe
same meaning as in equation (I),

- 0.97: with factor 0.97, losses "due to bot-
tom ash and boiler ash as weil as radiation"
are taken into accounI.

- Ef: Efis thc energy now in the fuels "con-
tributing 10 the generation ofsteam".

- Ei: Ei are other incoming ("imported")
encrgy nows that occur for example in
process materials, as condensate returns. as
electrical energy. ete.

- Ep: Ep is the usable ("prodllced") energy
now wh ich consists of electrical energy
and thermal cllcrgy (>th (= Q~utz). Howevcr,
it must bc emphasized that the in-plant re-
quirements have been included, i.e. Ep is,
as it were, the "gross" cnergy "produeed",
thereby referring to an inner balancing sys-
tem from which in-pI am requirements have
not yct been subtraeted. It is necessary
10 subtractthe plant's power requirements
if the useful energy (gain) is being detcr-
mined for an "external consumer".
Furthermore, the electrical and thennal
energy ("gross energy produced") thus
prescnlcd is still assessed with the equiva-
lence factors äel and äth. i.e.

Ep = Pe!' äel + Qth' äth

(according tO [3]) (22).

The R I factor is correspondingly calculated
with the fonnula:

In the draft of thc Waste Framework Direc-
tive [3]. the R I factor (to distinguish between
R 17 and D I08 (R 1 as a technical term)) is

6 The primary efficiency takes the additionalty
required primary energy (e.g. for the provisi-
on of additional fuels, operating media and
auxiliary materials) into account as an input
in the assessment. When the net primary
efficiency is being determined, this input in
the form of primary energy is theoretieally
replaced by the useful energy "produced".
Only the supplied waste energy remains as
an input and only the net energy resulting
exclusively from the energy content of the
waste remains as useful energy (gain), (see
[2] for more information).

At this point it is worth mcntioning that the
aforementioned methodical procedure for ba-
lancing aod assessing in technologieal fields
can generally bc applicd 10 other areas such
as:

Pel+ Q,utZTJ,,-~-ß+"-w (20).

- The integration of thc llsagc behaviour of
a waste-to-energy plant, i.c. ifan energy-
effieicnt waste-to-energy plant is nOI able
to transfer the steam it prodllces to the dis-
trict heating network in summer and is ob-
liged to release this energy "via Ihe roof'
because the conSllll1Cr does not take it and
waste must be combllsted (e.g. [2]);

- Determination of primary and net primary
efficiency· (e.g. [2]);

- General illuslration ofthe process ehains
- Waste-to-energy plants with upstream me-
chanieal-biologieal waste treatment ete.

-Biomass power generation. biomass for
producing engine fuel:

- Illustration of coupling processes. i.e. the
illustration of whether, within existing
boundary eonditions. it is worthwhile to
use a substitute fuel for a clinker firing
process in the cement industry or also in an
industrial powcr plant etc. (see e.g. [16]).

Polilieal/Legal Viewpoint

80

~ Ep which is the sum of electrical energy
Pcl and Illernlai cnergy ONutz

~-~+o- ~
- aod Ew. thc energy conlained in thc waste
Ew =0 nli\F' hu.AF (1)

- combined with the elcClricity and heat
yields ß and" [equations (7) and (14)],

The main lechnica! procedure for assessing
the '-fucl utiJisation" (w = fuel yield) is thus
indicated by [11). In vicw of this back-
ground. (2) is lailoT-made especially for
waste-Io-cncrgy planlS. Further examples can
be found in [5. 6].

equation (4) can be rerormulated:
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