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UNDERSTANDING NON-ENERGY USE AND CARBON STORAGE IN ITALY
IN THE CONTEXT OF THE GREENHOUSE GAS ISSUE

Riassunto
Le emissioni di anidride carbonica (CO2) costituiscono il fattore più importante
dell'effetto serra e dei temuti cambiamenti climatici. L'attenzione maggiore è stata
finora dedicata alle emissioni di CO2 dovuta alia combustione dei combustibili fossili.
Le indicazione attuali dell'IPCC suggeriscono di conteggiare le emissioni di CO2 dalla
plastica e dagli altri materiali prodotti dagli usi non energetici nella voce "Rifiuti". In
vista di un affinamento dei suggerimenti dell'IPCC, in questo articolo si focalizza il
problema del conteggio delle emissioni da quella parte di combustibili fossili ehe va in
usi non energetici. La prima parte esamina le statistiche nazionali degli usi non
energetici e paragona i metodi contabili italiani con quelli della Germania e
dell'Olanda. Successivamente si cerca di riprodurre i valori statistici con un modello
dettagliato ("bottom-up") a partire dai singoli flussi e prodotti finiti. Infine si applica il
metodo suggerito dall'IPCC per quantificare la quantité di carbonio fissata nei prodotti
e si suggeriscono metodi per migliorare 1'accuratezza delle valutazioni.

Summary

Fossil carbon dioxide emissions (CO2) are the main reason for greenhouse effetct and for
climate changes. So far, most attention has been paid to CO2 emissions from the
combustion of fossil fuels. The IPCC guidelines to the calculation of national greenhouse
gas emissions suggests to account for CO2 emissions from plastics and other materials
produced from non energy use as emissions from wastes. In view of the refinement of
IPCC guidelines, in this paper we will focus on non-energy use (usi non energetici) as a
source of fossil CO2. The first part deals with the Italian statistics on non-energy use and
compares the accounting method with the practise of Germany and the Nederlands.
Secondly, we will try to reproduce these statistical data by developing a bottom-up model.
And finally we will apply the IPCC approach for quantifying carbon storage in materials,
and suggest ways to increase its accuracy.

(GREENHOUSE GAS, CLIMATE CHANGE, MITIGATION, NON-ENERGY USE.
PLASTICS)
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1. Introduction

Fossil carbon dioxide emissions (CO2) resulting from anthropogenic activities are the
main reason for the enhancement of the greenhouse gas effect. So far, most attention
has been paid to CO2 emissions from the combustion of fossil fuels which is,
undoubtedly, the major source. Therefore, this area has been well covered in climate
change discussions and the Intergovernmental Panel on Climate Change (IPPC) has
developed methods for monitoring these emissions [1], which is the first step towards
developing carbon abatement policies.

In this paper, we will focus on another source of fossil CO2 which, to date, has not
been the focus of as much interest, i.e. the non-energy use (usi non energetici). Non-
energy use is defined as the consumption of fossil feedstocks for the manufacture of
synthetic materials and chemical products, e.g. plastics, fibres, lacquers and varnishes,
solvents, fertilizers and bitumen. In Western Europe, non-energy use represents
approx. 12% of the total amount of fossil fuels for final consumption [2]. But it is
significantly higher for some countries, e.g. for the Netherlands, where approx. 20% of
the fossil fuels for final consumption were processed to manufacture materials [2].
These figures indicate that considerable amounts of embedded carbon may be released
as carbon dioxide when the lifetime of the products is over. This is definitely the case
for short-lived materials such as detergents, which are completely degraded to CO2 in
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sewage treatment plants shortly after their use. For long-lived materials, like plastics,
it depends on the waste management option whether carbon is released to the
atmosphere (e.g. incinerated) or not (e.g. landfilled) and it depends on the type of
product when waste treatment occurs.

In any case, fossil fuels used for material production represent a source of CO2 which
needs to be quantified. In this paper, the focus is on Italy. The first part deals with the
Italian statistics on non-energy use (Chapter 2). Secondly, we will try to reproduce
these statistical data by developing a bottom-up model (Chapter 3). And finally we
will apply and discuss the IPCC approach for quantifying carbon storage in materials
(Chapter 4).

2. Statistics on non-energy use in Italy

The starting point for the discussion of non-energy use is the data published in the
national energy balance, the "Bilancio Energetico Nazionale" (BEN) [3]. To achieve a
better understanding of what these data on non-energy use comprise, i.e. for which
systems boundary they are valid, we analysed the "Bolletino Petrolifero" (BP) [4].
This source contains data on the inputs and outputs of energy and materials for the
petrochemical industry.

It should be noted that it is not possible to reconstruct the non-energy data from the
BEN using only the information from the BP. The reason is that the non-energy data in
the BEN do not only include the petrochemical industry, but also the chemical
industry, agriculture and other sectors. Moreover, the energy balance allocates the
overall input of fuels to the three categories non-energy use (non energetici), direct
fuel requirements (consumi finali) and input into electricity generation (centrali
termoeletrici). Whereas the first two categories are treated separately for the
petrochemical industry, the category "centrali termoeletrici" comprises the power
stations of all industrial sectors and also the public power stations.

For these reasons, a comparison of the two sources can only offer limited insight.
However, it enables a better understanding of the systems boundaries for which the
data in the BEN are given. To describe these, reference is made to Figure 1 which
shows a general scheme of the energy flows for the processes used to produce basic
chemicals. QTF represents the total amount of feedstocks excluding the process energy
requirements provided from external sources, QE.ext- A part of the input QTF is
converted into the target products, i.e. basic chemicals with the energy content Qc.
The rest either ends up in energy carriers which are used within basic chemical
production or outside this system (QE,im and QE.ext) or it is lost due to leakages and
material losses (QL). It was not possible to clarify how the losses QL are treated in the
BEN, but this should not lead to major errors since, on this production level, the losses
are small compared to the other flows.



Apart from this uncertainty, non-energy use in the Italian energy balance is defined as
follows:

QNEU, I, i ~ QTF, 1 " QE.int, i (1)

This means that non-energy use data given in the Italian energy statistics do not
comprise the energy by-products consumed within basic chemical production. But it
does include the coproduction of fuels which are finally consumed in combustion
processes outside basic chemical production. This refers to a whole range of fuels,
starting with L.P.G and ending with petroleum coke, which add up to a total of
approx. 3,700 kt in 1991.

Figure 1: Material and energy flows of petrochemical and chemical processes
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It should also be noted that the system boundaries chosen for the definition of non-
energy use are different in other European countries. In the Netherlands, for example,
the data published on non-energy use exclude the energy by-products (fuels)
consumed in combustion processes outside basic chemical production (QF,0-



Therefore, non-energy use in the Netherlands is defined as:

QNEU, NL, i = QTF, i - Q E M 1 - QF,i (2)

This definition of non-energy use is a better indicator for the sum of feedstocks
supplied to the petrochemical industry than the amount reported in the BEN according
to equation 1. Table 1 shows both the original data for non-energy use in Italy
according to the BEN (QNEU, I) and the recalculated data following the definition in the
Dutch energy statistics (equation 2). As the table demonstrates, there are decisive
differences for the individual values depending on which approach is chosen. We will
come back to the two methods in Chapter 4 of this paper.



Table 1: The non-energy use in Italy for two different system boundaries

Non-energy use for Italy

in the year 1991, in TJ

Non-energy use according to equation 1 *)

Non-energy use according to equation 2 **)

Coke-oven
gas

Gas dicokeria

1,032

1,032

Other coal-
derived
products

Prodotti da carb.
non ener.

7,144

7,144

Refinery gas

Gas residui dl
raffin.

11,537

10,082

LPG

GPL

2,345

Motor spirit

Benzine

47,798

Kerosenes,
jet fuels

Pelrolio

42,364

20,622

Naphta

Deslillali leggeri

171,321

98,535

Gas oil,
fuel oil

Gasolio

78,133

62,629

Other
Petroleum
products

Prodotti pelrolif
non energ.

66,027

66,027

Natural gas

Gas naturale

73,075

73,075

Total

Tolale

500,777

339,146

*) These are the original values according to the Bilancio Energetico Nazionale (BEN).

**) These data ace. to equation 2 were calculated from the data in the line above by deducting the fuel by-products consumed outside the sector (QF)



3. Bottom-up estimation of the non-energy use

To improve one's understanding about non-energy use, it is useful to have a closer
look at the processes and the products which consume fossil fuels as feedstocks. If it is
known what the most important processes are, which types of feedstocks they use,
what the material balances look like, and how many valuable products are
manufactured in absolute terms, it is, in principle, possible to estimate non-energy use
using a bottom-up approach. The process-specific information has to be gathered from
literature on industrial organic chemistry, whereas production data can be found in
official production statistics.

Table 2 shows the result of such an exercise for Italy in the year 1991. Production data
were extracted from ISTAT [5; 6]. They serve either as data input or are used for
comparison with calculated data. The process-specific information was mainly taken
from a German study [7], thus assuming that the processes used in Italy and Germany
are comparable. However, adaptations were made for the Italian situation, wherever
more detailed information was available. For example, in Italy, olefines are produced
by steamcracking using a specific process mode called "high severity". Its
characteristics are severe reaction conditions and a rather high ratio of the two main
products, ethylene and propylene, lying in the range of 2.1. hi Germany, on the other
hand, olefines are produced by low severity steamcracking with an ethylene/propylene
ratio of approx. 1.6. Of course, there are a number of other points for which it would
have to be verified whether the data for Germany also hold for Italy. For example, it is
unclear whether, in Italy, acetylene is synthesized using electric arc processes. Further
uncertainties arise from the lack of data, e.g. for the amount of propylene production
ex refineries.

Incomplete information may lead to production volumes according to our bottom-up
estimation being considerably lower than the amounts as published in production
statistics. This is visible in Table 2 when comparing the sums of the outputs of
individual products with the amounts reported in official statistics (see lower part in
Table 2). From these discrepancies, it was derived that non-identified processes
account for roughly 970 kt of products, for which a similar amount of feedstocks is
required as inputs.

Assimilating these data shows that feedstock inputs add up to a total amount of 9,840
kt. This is very close to the expected value of 9,870 kt which was calculated on the
basis of the BEN and the BP. This means that we managed to reconstruct the
aggregate feedstock input using a bottom-up approach. Further investigations will be
required to understand non-energy use on a disaggregate level, i.e. on a fuel-by-fuel
and a product-by-product basis. But our bottom-up estimation has already proven
useful since it confirms that the definition of non-energy use, as given in equation (1),
is correct. Moreover, it is the first step of a material flow analysis from cradle to final
consumer products which may prove important when accounting for carbon emissions
from non-energy use.
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Table 2: Bottom-up analysis of non-energy use in Italy in 1991

p
r

0

c

e

s

s

e

s

Processing of crude benzene (from coking plant)

Processing of tar (from coking plant)

Steamcracking of naphtha

Methanol from fuel oil

Carbon black from fuel oil

Ammonia from natural gas

Acetylene from natural gas (Huls process)

Other non-identified processes*)

Refinery products (domestic consumption)

- pet coke

- other refinery products

Total

Data from statistics for comparison

Inputs in kt

Hard
coal

0

Coke

0

Tar

181

181

Crude
benzene

50

SO

Naphtha

3,941

3,941

Gas oil

0

Fuel oil
(heavy)

79
310

27

416

Natural
gas

887
70

957

LPG

0

Refinery
gas

0

Pet
coke

293

293

Lubri-
cants

1,045

1,045

Bitu-
men

1,927

1,927

Paraf-
fins

29

29

other/not
assignable

fuels

972

25

998

Total
input

50
181

3,941
79
310
887
97
972

293
3,027

9,837
9.870

(i)

*) Assumption: 100% yield on a mass basis (due to insertion of heteroatoms)
(i) Bilancio Energetico Nazionale (BEN), Bolletino Petrolifero (BP), own calculations

p
r
0

c

e

s

s

e

s

Processing of crude benzene (from coking plant)

Processing of tar (from coking plant)

Steamcracking of naphtha

Methanol from fuel oil

Carbon black from fuel oil

Ammonia from natural gas

Acetylene from natural gas (Muls process)

Other non-identified processes')

Refinery products (domestic consumption)

• pet coke

- other refinery products

Total

Data from statistics for comparison

Outputs in kt

Ethy-
lene

1,429

16

1,445

1,498

(ii)

Propy-
lene

676

676

779

(ii)

Buty-
lene

201

201

172

("r

Buta-
diene

233

233

76

(«)

Ben-
zene

31

78

2

111

588

(ii)

Tolu-ene

11

110

1

122

147

(ii)

Xylene

3

13

0

16

452

(ii)

Am-
monia

6

1,392

1,398

Metha-
nol

90

90

Acety-
lene

0

39

39

Buta-
ne

12

12

Hydro-
gen

38

11

49

Pitch

87

87

Pet
coke

293

293

Lubri-cants

1,045

1,045

Bitu-
men

1,927

1,927

Paraf-
fins

29

29

Carbon
black

29

186

215

Returns

1

1,151

5

1,156

Other
products

3
30

22

25

81

Total output

49
152

3,941

90

186

1,392
96

972

293
3,027

9,226

(ii) source: ISTAT production statistics



4. Applying the IPCC approach

The Intergovernmental Panel on Climate Change (EPCC) has proposed a method on
how to deal with non-energy use in the climate change discussion. In this chapter,
we will briefly describe the IPCC approach, then apply it to Italy and close with
some remarks.

To calculate the amount of carbon that is stored in non-energy products over long
periods, the EPCC-guidelines [1] propose multiplying the non-energy use QNEU of
fuels i (given as lower heating value in GJLHV) by the respective storage fraction P
and the emission coefficient EC (kg CCVGJLHV), i-e.

SIPCC = 2, {QNEU,, * Pi * EC,} (3)

with i indicating the type of fuel. The IPCC guidelines provide default values for Pj
which represents the share of carbon stored in product i that is not oxidised over
long periods. All the rest, represented by the share (1-Pi), is released immediately as
losses or is stored in short-lived materials. Consequently, these amounts of carbon,
referred to as actual emissions, can be treated in the same way as direct CO2
emissions from the combustion of fuels for energy purposes.

Having drawn attention to the different definitions of non-energy use in Chapter 2,
this immediately raises the question which definition has been assumed here. This
question seems particularly important considering the decisive differences between
the two datasets (see Table 1). As we see it, the aim of calculating carbon storage in
long-lived materials calls for the use of non-energy use figures following the Dutch
definition (i.e. QNEU, NL, 1 according to equation 2), if the values P given in the IPCC
guidelines are assumed to be realistic.

The results of our calculations are shown in Table 3. It should be noted that the
carbon storage fraction P for the group "other petroleum products" was calculated
by weighting the individual fractions for lubricants (P = 50%), bitumen (100%) and
others (90%) with the respective material consumption figures. The emission
coefficient for "other petroleum products" does not stem from the IPCC guidelines,
but was determined from a carbon balance for the Italian refinery sector. We
consider this procedure to be more accurate since it corrects for country-specific
accounting practices. Taking into account the difference between the respective
values - 73 to 81 kt CO2/PJ according to IPCC as opposed to approx. 27 kt CO2/PJ
according to the refinery carbon balance - the adaptation seems even more
important.

Proceeding in this manner, we calculate that carbon storage in Italy in long-lived
materials Sn>cc amounted to 12.7 Mt CO2 1991; the actual emissions from non-
energy use totalled 7.8 Mt.
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Table 3: Calculation of carbon storage in long-lived materials and of actual
emissions from non-energy use according to the IPCC guidelines
(Italy, Tabelle 1991)

Coal-derived products *)
Refinery gas
Naphta
Gas oil, fuel oil
Other Petroleum products
Natural gas
Total

QNEU

data according to
equation 1

[PJ]
8.2
10.1
119.2
62.6
66.0
73.1
339.1

P
original IPCC

values
[%]
75
80
75
50
83 " )
33

EC
emission
coefficient
[kt CO2/PJ]

80.7
63.1
73.3
74.1
26.6 ***)
56.1

SIPCC

[Mt COj]
0.49
0.51
6.55
2.32
1.46
1.35
12.69

s -
actual

emissions
[Mt CO2]

0.16
0.13
2.18
2.32
0.29
2.75
7.84

*) coke-oven gas included
**) calculated by aggregating original IPCC values for lubricants, bitumen and further petroleum products
***) calculated from carbon balance for the refinery sector

Despite the use of corrected values for the non-energy use (see Table 1), the
calculation following the IPCC guidelines has two major shortcomings:

• Firstly, it does not allow for the specific situation in Italy since the fractions P in
Table 3 are default values, i.e. they reflect an average mix of processes/products
and an average mode of operation in the individual processes which might not
hold for Italy.

• And secondly, it does not account for the foreign trade of intermediates which
can seriously affect the results if a country's net imports or net exports are
relatively high.

For these reasons, the results from this chapter should be looked upon as
preliminary estimates according to the current state-of-the-art. Attempts are being
made to improve or substitute this approach by the use of a detailed material flow
analysis - i.e. by extending the bottom-up model of the kind shown in Chapter 3 by
downstream processes and products - but these approaches still need to be
harmonized and acknowledged internationally (cf. [8; 9]).

5. Conclusions

A good knowledge of the structure of production in industrial organic chemistry is
required in order to understand the system boundaries of statistical data on non-
energy use. Bottom-up analyses can help to reach this goal, and even if they are
carried out on a rather rough scale (see Chapter 3), they can provide valuable
information. For example, they can help to reveal different accounting methods in
different countries which, amongst other things, is a prerequisite for the consistent
application of the IPCC guidelines on carbon storage. And it goes without saying
that such monitoring methods should be applied with care since this is the
precondition for developing a coherent greenhouse gas policy.
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Moreover, approximative bottom-up estimations can be looked upon as starting
points for more detailed material flow analyses, in which the system boundaries are
extended dowstream by also including materials (e.g. individual plastics) or even
final products. Such extensive analyses could provide country-specific data,
corrections and methods, and thus increase the accuracy, which is a procedure
recommended by the IPCC. In this context, accounting for foreign trade of materials
may also be mentioned as one point these analyses should focus on in future. Insofar
this paper is nothing but the first step towards a better understanding of non-energy
use in Italy and the attendant greenhouse gas emissions.
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