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Simulation of the Italian Energy System
with the DESS-Model

By Kirsten Halsnas, Henrik Serensen

Abstract. This report describes a simulation of the Italian
energy system for the period 1980 to 2000 with the energy
simulation model DESS (Detailed Energy Simulation System).
The Italian model comprises a detailed database for the
most important part of the energy demand and conversion
system. This database is split into the following five
parts: the building stock, district heating, power system,
the process sector, and the transport sector. As a result
of the simulation a total gross energy balance for Ttaly ig
generated. The actual simulation referred to in this report
is made according to some main assumptions in the National
Italian Energy Plan where nuclear power production is kept
constant and all new constructed power plants are coal
fired.
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1. INTRODUCTION

By the end of 1985 the work of developing an Italian versicn
of the DESS-model (Detailed Energy Simulation System) was
started under a contract with the Commission of European
Communities.

The DESS-model is a further development of the Danish Energy
System model DES which has been used for several years in
Danish national energy planning.

The overall purpose of the DESS-model is to provide a flex—
ible and easily understandable tool for translating sector-
specific demands for electricity, heat and transport into
fuel requirements and economic consequences in different
parts of the conservation system, see Grohnheit, 1986 for a
detailed description of the model.

The DESS-model contains five sub-modules, namely:

- the building stock module, where the fuel regquirements

for space heating and water heating is simulated,
- the district heating module where the fuel requirement

for different types of district heating plants is simu-
lated,
- the power system module, where the electricity and com-

bined heat and power system are simul ated,
- the process module, where the process energy demands

are transformed to fuel requirements,
- the transport module where different kinds of traffic

are transformed to fuel requirements.

The Italian energy system is simulated for the period 1980



to 2000. Emphasis has been put on establishing a database
on the Italian energy system representing the current state
of the system. On this basis a scenario for the development
of the different parts of the energy system is simulated.



2, THE BUILDING STOCK MODULE

In the building stock module the total energy demand for
space heating and hot water purposes is simulated and the
resulting fuel consumption is calculated. The module is
structured after a "bottom-up principle" which means that
the building heat demand is simulated on the basis of re-
latively detailed building and climatic data for different
geographical parts of Italy.

The net heat demand for space heating in houses and other
buildings is calculated as the product of huilding area,
unit heat demand per 3 and degree days for a specific
gecgraphical area. In the same way the net energy demand for
water heating is calculated as a product of puilding area
and unit heat demand. The result of these calculations is
the total net energy demand for space heating and hot water
purpeses for Italy as a whole and disaggregated over differ-
ent building types and relevant geographical regions.

Subsequently the total heat demand for space heating and
water heating is distributed over different kinds of hot-
water installations and space-heating installations, speci-
fied according to type of combustion and fuel. Finally the
fuel consumption for space heating and water heating is
calculated using efficiencies and heat contents for the
different installations and fuels.

2.1. The climatic factor

In the Italian law no. 373 of 30.04.76 on energy conserva-
tion in connection to space heating in buildings, it is



stated that the number of degree days is calculated on the
basis of a mean indoor temperature of 20°C,

In table 2.7 the average number of degree days for the nine-
teen Italian regions are shown (Graziani, 1983).

Table 2.1. Average degree days for the 19 regions of Italy.

Average degree days for

the region
Piemonte appr. 2600
Val d'Aosta 2579
Leguria 1241
Lombardia 2389
Trentino~Alto
Adige 2575
Friuli-Venezia
Giulia 2182
Veneto 2261
Emilia Romagna 2210
Toscana 1690
Marche 1866
Umbria 2055
Lazio 1547
Abruzzi 2018
Modese 2080
Campania 1180
Puglia—Calabria 1031
Bagilicata 2101
Sicilia 809
'Safdégha” B




As table 2.1 shows there are such great differences in cli-
matic conditions for different parts of Italy that it is
necessary to split the space heating demand into different

climatic regions.

Following a desire to combine the climatic division with a
geographical division showing essential differences in state
of the development of different parts of Italy the following
division is chosen: Italy is divided into three subregions

namely:

Northern Italy comprising Piemonte, Valle d'Acsta, Lombar-

dia, Liguria, Trentino Alto Adige, Veneto, Friuli-Venezia
Giulia and Emilia Romagna.
Central Italy comprising Toscana, Umbria, Marche and Lazio.

Southern Italy comprising aAbruzzi, Molese, Campania, Puglia,

Basilicata, Calabria, Sicilia, and Sandegna.
Table 2.2 shows the number of degree days assumed for the

three regions calculated on the basis of the simple mean.

Table 2.2. Average number of degree days for different
regions in Italy.

Average degree days

per year
Northern 2300
Central 1800
Southern 1500

Compared with a weighted mean for degree days based on the



distribution ¢f the building area in different climatic
Zones one must expect some error on the results. However
this error seems to be acceptable for the aggregation level
in the building stock module. A more detailed "weighted"
number of degree day method 1s used in the Banal-model,

(Graziani, 1983).

2.2. The unit heat demand

An analysis of differences in unit heat demand depending on
different heat conductivity in buildings is an important
element in a valuation of the heat conservation potential
in the building stock and for an evaluation of appropriate
methods.

Unfortunately there has only been poor data available about
unit demand for space heating. The only source has been a
survey of the unit heaﬁ demand in 1000 Italian buildings by
Boffa, 1984. Supplemented with own estimates the unit heat
demand used in the model 1is determined as shown in Table
2.3,
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Table 2.3. Unit heat demand for space heating in Italy.

Unit heat demand

kJ/m3/degree~day
One and two family dwellings:
Of which constructed
- before 1945 68.4
- between 1945 and 1975 72.2
- after 1975 61.4
Multi family dwellings:
Of which constructed
—- before 1945 53.1
— between 1945 and 1975 56.0
- after 1975 47.6
Other buildings: 58.90

The unit heat demand for space heating is assumed constant
for the period 1980-2000 in the simulation.

It should be noticed that Table 2.3 shows an increase in
unit heat demand from the construction period before 1945
to the construction period between 1945 and 1975. This can
be explained by the massive post-war building up process,
where the building sector was so busy that the resulting
gquality of the buildings was lower than in the -earlier
construction pericd.

"



For other buildings than houses only very poor data is
available and therefore a single assumption about unit heat
demand for space heating is used. This assumption is a unit
demand for hot water on 12.0 TJ per million houses (Keetoff,
1980) kept constant for the period 1980-~2000.

2.3. The building stock

On the basis of an evaluation of the characteristic factors
which are relevant for a disaggregation of the space heating
demand for houses and other buildings the following building
stock vector was formulated:

1. One and two family houses without electrical heating.
2. One and two family houses with electrical heating
3. Multi family houses

4. Service buildings

5. Production buildings

6. Hospitals

7. Summercottages

This vector is constructed separately for the three geo-
graphical regions. Northern- Central and Southern Italy and

for the following three construction periods:

buildings constructed before 1945
buildings constructed between 1945 and 1975
buildings constructed after 1975

As a result nine building vectors are constructed.

The input data for the building stock are shown in Table
2.4,

12



Table 2.4. The building stock data for houses in Ttaly used
in the DESS simulation (building volume in occupied build-
ings 1980 in million m3).

Construction year:

before between after
. 1945 1946~1975 1975

Northern Italy:
One and two family houses
without elec. heating 306,000 613.000 105. 000
One and two family houses
with elec, heating 3.000 6.000 1.000
Multi-family houses 360.000 720.000 124.000
Central Italy
One and two family houses
without elec. heating 111.000 248,000 38,000
One and two family houses
with elec. heating 2.000 5.000 800
Multi-family houses 132.000 294.000 45.000
Southern Italy
One and two family houses 178.000 330.060 66.000
One and two family houses
with elec. heating 24,000 45,000 9. 000
Multi~family houses 235.000 436,000 88.000

Source: Estimated on the basis of data on the number of
~houses for different’ construction years and geographical
areas from the Italian census 1981 (ISTAT, 1985). These data
are transformed to building estimates using the general

13



assumption that the mean volumene for one and two family
houses is 285 m3 and for multi~family dwellings 240 m3.

The development in the housing stock in the simulation pe-
riod 1980 to 2000 is extrapolated on the general assumption
that the total net growth in the building stock (new con-
struction minus demolition) will be 200,000 houses per
vear. It is assumed that this increment will be distributed
over the different types of houses and geographical areas
proportionally to the building stock in 1980.

The building stock for buildings not used for housing pur-
poses is estimated to 1100 million m3 in 1980 in Northern
Italy, 420 million m> in Central Italy and 680 million m3
in Southern Italy. An annual growth of 0.45% is assumed
for the building stock in the simulation period 1980-2000.
The sources for the estimation are the annual construction
statistics from United Nations (UN, 1985 and ISTAT, 1987).

2.4. The heat installations

In connection with the heat simulation structure in the
DESSmodel it would be ideal to combine information about
building construction period, type of heat installation and
fuels in a single vector. This is not possible because of
missing data. The above mentioned information is, however,
separately available so it is possible to get a rough im-
pression of the uncertainty in the data used in the model.

Table 2.5 below gives some information about the relation

- between ‘construction year for the ‘building "and the type of

heat installation.

14



Table 2.5, Building construction year and type of heat in-

stallation in Italy 1981. (mill, dwellings).

Central Autoncmous No Total

heat heat heat

instal. instal, instal.
Construction vyear:
Until 1945 1.3 2.9 0.6 4.8
Between 1946-1960 1.7 1.1 0.2 3.0
Between 1961-1875 4.6 1.2 0.4 6.2
After 1976 1.1 ___ 0.3 0.1 1.5
Total 8.7 5.5 1.3 15.5

Source: ISTAT, 1985, table 53.

The general impression of the data shown in Table 2.5 is

that the share of dwellings without heating installation is

highest for the earlier construction years, while the share

of dwellings with central heat installation is increasing

for the newer construction years.

The input data of the heat installation vector in the DESS

simulation is shown in Table 2.6.
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Table 2.6. Distribution of heat installations in Northern,
Central and Southern Italy in 1980 (pct. of the dwelling
stock with the specific heat installation).

Northern Central Southern

Central installation:

Liquid fuels 42.0 44,7 22.0
Solid fuels 2.0 2.0 1.0
Natural gas 25.9 18.0 3.6
Electricity 0.2 0.3 0.4
Other fuels 0.5 1.0 1.0
Total e 70.6__ 66.0 28.0
Autonomous installation:

Liguid fuels 4.0 5.0 4.0
Solid fuels 12,0 17.0 26.0
Gas 1.0 5.0 4.0
Electricity 1.0 2.0 11.0
Other fuels 0.4 1.0 2.0
Total 28.4 30.0 47.0
No heat installation: 1.0 4.0 25.0

Sources: ISTAT, 1985, table 32.

Central installations are defined as heat installations pla-

ced outside the dwelling covering the heat delivery for one

or more dwellings.

Autonomous installations are defined as heat installations

placed inside the dwelling managed by the inhabitants of
the dwelling.

16



As Table 2.6 shows there are very important differences in
the distribution of heat installations for Northern, Cen=-
tral, and Southern Italy. At first one can notice that more
than 95 per cent of the dwellings in Northern and Central
ltaly have a heat installation while only about 75 per cent
have a heat installation in Southern Italy. Furthermore the
central heat installations are the most dominating installa-
tions in Central and especially in Northern Italy while
autonomous heat installations are most common in sSouthern
Italy, especially heat installations with solid fuels are
common there.

It was the general impression from our study tour to Italy
in October 1987, that there would be the following trend in
the distribution of the types of heat installations in the
simulation period:

-~ there would be an increasing share of dwellings in
Southern Italy with heat installations because of an
expected general growth in welfare and building stan-
dard. This tendency will probably also indicate a de-
velopment towards more advanced heat installations,

- there will be a general tendency towards substituting
central heat installations with autonomous installa-
tions because "people" want to manage their own heat
system,

- there will be a relatively big increase in the heat
installations using natural gas as fuel and in district

heating.

It is difficult to give a precise forecast for the distribu-
tion of heat installations.on this basis in the ‘three parts-
of Italy. Therefore the heat installation vector is kept
constant in the basic simulation with the exception that

17



the share of district heat installations grows according to
development plans by the Italian District Heat Organisation,
Assoziazione Italiana Riscaldamento Urbano, (Olesen,1987).
The development assumption for district heat systems is
shown in Table 2.7,

Table 2.7. Expected number of dwellings heated with district
heat in 1980, 1987 and 2000 (in 1000).

1980 1987 2000

Northern Italy 0 114 340
Central Italy 0 2 15
Southern Italy 0 7 7

Table 2.7 shows that the greatest expansion of the district
heating systems is planned in Northern Italy, which also is
the absolutely most promising area for such heating systems
because of the relatively high space heating demand and the
high population and industrial density. Following the de-
velopment plan described in the table the share of dwellings
with district heating installation in Northern Italy will
be about 5 per cent. For futher information about the di-

strict heating systems in Italy see chapter 3.

2.5. The installations for water heating

In 1980 approximately 45% of the Italian buildings had an
installation for water heating. The distribution among dif-
- ferent -types of -water heating-installations was according to
an American study in 1980 (Keetoff, 1980) as shown in Table
2. 8.

18



Table 2.8, Types of water heating installations in Italy

(per cent).

Oil~fired installations 28
Gas~fired installations 36
Coal, coke or wood-fired
installations 4
Electrical installations 32
Total 160

The shares of the installations are calculated on the bhasis
of data about their fuel consumption assuming the same

efficiencies for all.

Due to lack of better information the distribution of in-
stallations is kept constant until 2000. At the same time
the share of dwellings with water heating installétion is
expected to growth fram 45% in 1980 to 65% in 2000.

2.6. Simulation results

The results of the heat simulation for Italy as a whole and
split into Northern, Central and Southern Italy are shown
in the following figure 2 using the DESS plot~program.

It is seen from Figure 2 that the total national demand for

space heating increases from a level about 540 PJ to about
640 PJ in 2000 in this simulation. About 50 per cent of the

19
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space neating demand is from Northern Italian buildings,
about 20 per cent on buildings in Central Italy and the
rest 30 per cent in Southern Italian buildings.

The linearity of the simulation for 1980-2000 d&epends on
the assumptions described already: constant yearly increase
in building stock and constant unit heat consumption per m3

building area.

Figure 3 shows the total demand for space heating split into
‘buildings constructed before 1946, between 1946 and 1975 and
after 1975 for Italy as a whole. More than 60% of the total
space heating demand is from buildings constructed between
1946 and 1975-1980 the period which as earlier mentioned
earlier was characterized by relatively low gquality build-
ings and relatively high unit heat demand per m3. This re-
sult could suggest a special energy conservation programme
for such buildings.

The detailed simulation data are shown 1in Table 2.9.

Similarly the total water heating demand is shown in Table
2' 10.
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Table 2.9. Total heat demand for different building types.
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The demand for 5ot water is simulated to a level about 115
PJ in 1987 and about 164 PJ in 2000, This demand is only
calculated on the basis of demand for hot water in housing
buildings. Further the other part of the building stock
for instance public service buildings such as hospitals,
also has a great energy consumption for water heating pur-
poses which however not is simulated because of the lack of
data.

In the following Table 2.11 the fuel consumption simulation
by different space heating installationsg is shown.

Farthermore the results are illustrated in Fiqure 4-7.

The simulation shows remarkable differences in the relative
shares of different fuels in Northern, Central, and Southern
Ttaly. In Northern Italy fuel oil and gas oil contribute to
nearly half of the total fuel consumption and natural gas to
nearly about a third. Solid fuels cover almost the rest of
the fuel consumption. In Central Italy fuel oil and gas oil
covers a little more than 50 per cent, while solid fuels are
the next important fuel with a share about 20 per cent and
thereafter natural gas with a shortly less importance. The
picture is somewhat different in Southern Italy. There the
dominating fuel is solid fuels with a share about 50 per
cent of the total fuel consumption, fuel c¢il and gas oil
amounts about 30 per cent and both electrical heat and na-
tural gas to a share about 10 per cent.

In the same way the fuel consumption by water heating in-
stallations is shown in Table 2.12. The simulation results
shown that both dii,"ééé..aﬁd"eieé£fiéity. are..ﬁnﬁortant
fuels for water heating purposes.
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Table 2.11. Simulation of fuel consumption by different
space heating installations in Northern, Central, and
Southern Italy. (TJ).

t
- OO O @ o =0 e GO A, SO -0 O g DI NSO |
o O QN NG & O S N @ NG O T D | .
e . IO T et e OO A T GO e 6 W T
Noam O MO QD P T et 0 e M So D NN
~r m i — ey SN —t S N SO
N LI Ta] —~ 3

i

"

"
"Dty SN GEO O NG F O OD AN M Aum NG O O [
il ] PO D g O e MU G O S SO SO e s G
NG FOF@D s o DO P N MO M G GO
Ny o Lnail LR X Tl B - = T o S NPT, . ¥ R N N 1]
Ooen ™ Ofmr G LR G R ANy G P g
[

O e, N D O N A D SO O O
e O NG M MMM D e e -]
el =T A= Chom!™ D N P B Oes O L
~NOm o TN - QGEOE -~ =3O ™ £
S - Wl 00N oo - K R RN B e I
N e - 3
1
3
1
bt 0ty e O DONOO B0 T OUY O Mar oF 1 Of o et |
G ST D U T OP=E O N =M nmMm 0 Nty
NFNy O TOWD T P OTO TP o (=0 S VD F Dy
NG m Petemry retS g DOt T GO T O O D e DNy
G [alt- PO T e SN O MmO
[T et —
[
1
1
(s R-oloud Lol RN OO0 N CE Y QN O I ST O A |
B TN VPN DO - e O N O @ S0 QO |
N~ 3 Emr et @ PNGG Tm M O PG O il ] P e ]
NG - -t = QMR NG - O DG NG
oS~ (3l ELR Y ) AN O AN SN M e aar
—— - -
1
i
1
@ O D WA D SO W DN D O AU Ot AP0 e |
i reifem e b O ANO e = O SN S o e e |
[ L AN G NG D @RGP W TS NG DS
Nom WO = oy G el G e SO e e SO0
SO - WO~ Oy N T O AN BT
gy i -}
#
1
b et OCU"L{‘\N‘OCNCu’\f"ON"'CN—HP—NmCV‘AC—n\’JC‘q .
Ll =T P—O@ @ ¥ oNOM -G SO0~ Gy Mo |
—-C N PO MU SO P P OIS G N O Ot Ol
N - WA O8N 0 i@ NG - SN S D |
wC o~ (At LB ¢ N GO et YT
—_— B - 1
4
¥
1
NN T AL NG O (OG- LG T (VD s €S 4 (oo |
Mmew D HI-m O CM T N D M e M O R |
—mg O WO D NN ONnO . OSSO D O |
N - MO N RGNS O S ®EN Dsr O -G
s - [Tatra Lo BRTAY.N) N s O AN DA NPT
—— Nt -}
1
1
§
Ll Lt =1 OO GO ORI O S0 Ol 0D O ry O~ ey |
@ @ QER D e OO O N COWD T N |
e @ b Mmoo e S NNy e Oy ey NN
NN g MACE Qe Db Mg D CCEm Mk O w3 |
NE e WG ey YRR O e, e M e
- — [t ~
)
E
:
|
1
I
. . . . i
o o (a3 o n
- P = S e = e = S ey
=z b - > = T = > i
=t - < = < e o < e G
- [a [P . - O
b= o Z I o ¥ Ik 6 ot T . T =TI
= — = — = — = T I
=< <2 (154 o el o =l =] el
o e XA T AD L d URA T e W DR |
a = e o mimn, Lo o« ]
[ el — L P S A e W Sy Lo R
e SWweaiw o Sea . og Dk ot D 8!
Lt Sla—ale Lbos el LG e by
[ [t = Ta e Cal Dt = 1
LR - OO s Lo gOo v & e=CCo ¢ & &S
(SRl el e T St g D Dbt e S, S
W ] o D Pl et el D0 Wb e e T K —d
T e i el O T3 el G et o
— e O SV LEoL Lo LR Cr v
2
eI L Es TSV LLLC VL 0 04T L VIt
Eamrr teavants Fhrran TR fadtaeey dhaaiadn Taspeegs tege bArE
et SN Dt N O DML, GG RS D O~ O
v
O
[ T LT IR R R LT LT ) 44 88 qedn A8 gaun
b gmed et et e N PSS AN P e O SO CO SO
Lure oA e FAFTIET R PRt £ NI P TN (A ENT M pree [ pAet |
2 g qtald o Aol G Lol T Gl Gl AT o ST |
[P, e e b o o A fia it oy e iy ey [

'

26



L0669  OLGI9  LL9€S  €TL6P  S99Ly  LZZOY  608FPY  LL90F  ODE6E
3tL8 689L COLY ovLo 896G 8LLS 109G $80S 8lev
SY98L 66169  61€09  €97SG  £Z9ES  S00ZS LLPOS  Z9.Sy  8STHY
89119  ZZBES  S169F  Z86TF  LOLLY  6FFPOF  80T6E  £655E  £TEIE
DEVCS  €EI9F €1T0y  ZWBIE  6WLSE  0L9%E  LO9SE  80SOE  S0S6Z
7SS9 L9LS LZTOS S09% 69%Y veey LOTY €18t 889¢
VB68S  668LS  6£TSY  L¥PLF  L1TOV  BO06E  808LE  LZERE  £61EE
L85y 99¢0F  98IGE  LE£TTE  08TLE  LEEOE  90%6Z  $699Z L1867
0007 5661 066l L86l 9861 5861 ¥861 1861 0861

SUOTIRTTRISUT burjesy asiem Ag uoTidumsucd [ang *7| -7 91del

A310113091%

sTen3 pri1os
.Qasmqoo sSen)
*dumsuod 110
*JSUT"OTAIOD[D WOiJ
TISUT I PTIOS woay
*ITeasur seb woij

*ITe3sur TTO woxg

"MH
TM'H
MH
M'H
"M*H
‘Mg

MoH

"M*H

*{nL) ATelr ur

27



‘L Ul ATelT Ut Furgesy sords J0J UoT3dUNsSUod Tang

1V3IH LopLSIa-
ALIDIMLOTZ: 4
S73an4 anos:

SY9 TVAN1VN: 4
TNOSYS OGNV AN

N M,

i } [ 3 L - - - -
* L] L L] —t -4 4 4 u
T |
[ .
AT I_I
.............
...................................
.................................
.................
.................

-+ |
| g

— ]

— —
—
. — — T
e e —— —

— |

b I l
o — T

- |

‘lllllis..l.-‘\l.llll

.o ——— .
e ) |lll|l|l.II||I||||| T
————— " . S
o e o’ _
| pr—— : $
+ —— -
I.\.l|||.|.\lt.|1..||. _ -
o " .
) - w—
Il.‘ll......!..-.lllln.ll
ll..l..l - g $ ') 3 e 3 1 4
- u I.._. ‘- J M L L —f-

L e _
000¢ g8661L 9661 +661 7661 0661 8861 9861 +861 861 0861

- 000001

- 00000Z

- 00000€

- 00000¥

- Q0000S

- 000009

00000,

000008

28



"L UT ATRIT UJSUIJON UT Bullesy soeds 203 uotadwnsuod TJang G *Fi4

HOSYO ANV T3and:

1V3IH 1O0ISIa-
ALIDIMLDITI:
STan4 anos:
SV TVINLYN-

—NM<tWN

................

000z @66l 966L +¥66L Z66L 066L 8861 9861 +86L 76l 086L

1 T 0000S

1 T 00000!¢
1 + 0000SGi
OO OO UOUPP PP SEEE 4+ 000002
Lo | sonser
! + 00000§
i __ _ 4 ocoose
=== T 7T T T T 00000%
e e — —

1 e LT t 0000SYt

e ST
ey s |

29



Pl UT ATE3T TBJIaUS) ur Burqesy ooeds aog uoridwnsuod Tang -9 914

1v3H LORLSIa: S S
ALIDMLOTFTI: 14 T —
$13nd4 Aros: e S —

SY9 TVNNIYN: 2 e —
| NOSVS ANV AN L e _.
000Z 966L 9661 +66L Z66L 066L 886l 986l +86L 78961 0861
T | + 00002
1 + 0000%
T 1 00009
SR | gooos
T 11111111\1111114088P
T + 0000Z1
I e |
T e + oo0coti
. J—— e —
‘l‘ll.-ll\‘l-\u“li“lll“l\l‘\lll|
”i l_. |l } 4 I 3 4 '

30



LI UT ATEBLT udasyanog urt Furtiesy somds J0j uotjdunsuocd Teng 4 814

AV3H 10RILSIO- ]
ALDIMLO33: 1 4
STINnd anos: e
SYO TVHNLVYN- Z

TOSYD ANV TANA L SRR
000C 866L 966l +66L 661 066L 8861 986L +86L 7861 086!
T + 00002
+ + 0000%
-1::.;;:.;;::.:::.:::.:;:.:::.:::.:;:.::;.::::.;;:.:;:.::.::;.;H“.“. .
iiiiiiiiiiiiiiiiiiiiiiiii + 00008
+ + 000001
+ + 0000Z}
{ 1 0000¥1
i """} 00009}
.wi:in‘xazal;\is;ustaxasz‘\anaiii. e —=—""""""1 000081
r T 1 000002

31



3. THE DISTRICT HEATING MODULE

The district heating module in the DESS-Model computes the
primary energy requirements for district heating.

The calculation is done in three steps:

- The total demands for district heat in the Northern, Cen-
tral and Southern regions are calculated on basis of heat
demand forecasts.

- The reguirements for different fuel types are calculated
according to a priority list for these fuel types and the
maximum load of the different district heating plants.

- The primary energy demands are summarized, and the in-

vastment and operation cost are calculated.

3.1. The Italian district heating system

Italy is divided into three regions according to Table 3.1

below.

The most interesting area as far as district heating is con-
cerned the Northern Region, especially the municipalities
located in climatic zones with more than 2100 degree~days.
According to this definition, more than 90% of the Northern

municipalities are potential district heating customers.
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Teble 3.1 Regions in the Italian district heating system.

Region Province Town
North Lombardia Brescia
" " Cremona
" " Mantova
" " San Donato Milanese
{Milano)
" Emillia Rom. Inola
" " Modena
" " Reggic Emilia
" Trentino Alto Rovereto
" Piemonte Torino
v Veneto Verona
" " Vicenza
Central Toscana Castel Nuovo Val Cecina
" Camp. di Roma Roma

Source: A.I.R.U 1986

NOTE: Current version for the Italian district heat module
includes no district heating in the Southern region.

The development of the district heating systems is requlated

by the 1982-law on energy conservation and development of

alternative sources of enerqgy. According to this law di-

strict heating plants are allowed to produce electricity

subject to the constraint that the total power of the plant

must not exceed 3 MW. The construction of these plants is

subsidized by the state, and the development of the district
heating systems is administrated by local authorities.
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2n overview of the heat produced in the Italian district
heating systems is given in Table 3.2,

Table 3.2 Italian district heating, total heat produced in
1986. (TJ)

Heat Conventional
Town from CHP Dist. Heat Total
Northern region
Brescia 1449.0 1093.0 2542.0
Cremona G 5.5 5.5
Mantova 10.0 40, 2 50.2
Milano 280,4 201.8 492,2
Modena 0 163.0 163.0
Reggio Emilia 13.4 178.6 192.0
Rovereto 4.3 9.2 13.5
Torino 96.2 288.7 384.9
Verona 44.9 110.0 154.9
Vicenza 0.5 _ 11.5 12.0
Italy, North tot. 908.7 2101.,5 4010.2
Central region
C. N. V, Cecina 0 22.4 22.4
Roma 11.C 11.4 22 .4
Italy, Central tot. 11.0 33.8 44.8
Ttaly, Total 1919,7 2135.3 4055.0

Source: A,I.R.U. 1986
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As mentioned above the most attractive area for district
heating is the Northern region. From Table 3.2 it can be
seen that over 98 per cent of the heat produced in the di-
strict heating systems is actually produced in the Northern
region. Of this heat nearly 50 per cent is produced at com-
bined heat and power plants.

3.2, Combined heat and power

The simulation of combined production of heat and power ig
processed in the power simulation module, described in
chapter 5. In this simulation the heat demands in each re-
gion are split into 12 periods in order to represent the
seasonal variations in district heat demand. No detailed
information about these variations has been available for
Italy and therefore a standard curve based on Danish data
(ELSAM, 1978) has been used. In Fig. 3.1 the correction
factors are shown for each month.
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Fig. 3.1. Seasonal variations in district heat demand
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3.3. Conventional district heating

The simulation routine for conventional district heating
does not use the detailed heat load curve as shown in Fig.
3.1 but uses aggregate annual data. The routine obtains the
heat demand for district heating from the heat demand
simulation in the building stock module.

The fuel requirement for district heating is simulated using
a fuel priority list. The priority list for the fuels used
in the Italian district heat module consists of 4 elements:

1. Industrial waste heat

2. Heat from combined heat and power plants
3. Natural gas

4. Fuel oil

- where fuel o0il is considered as a residual. Other fuels,
such as straw and other biomass, can be added to the list
in order to obtain more detailed analysis. Heat from com-
bined heat and power production is included in the list to
simulate district heating with both combined heat and power
and with conventional district heating.

In 1983 the total installed capacity of district heating in
the Northern Region was about 680 MW heat output and the
total heat production was nearly 3400 TJ, In conjunction
with this about 360 GWh electricity was produced according
to the ITtalian District Heating Organisation (Olesen, 1986).

In Table 3.3 the primary energy demand for district heating
In 1986 is shown as a function of fuel type and region. The
table includes fuel for electricity produced at combined
heat and power plants.
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In 1986, the proportion of the total fuel consumption in
district heating plants covered by fuel oil was 22 per cent
and 64 per cent for Northern and Central Ttaly, respective-

1y,

3.4. National district heating programme

The development programme until 1995 forecasts a total in~
stalled heat production capacity of 670C MW and an electri-
city generation capacity of 3500 MW. According to this pro-
gramme the annual heat production in 1995 will be nearly
49000 TJ. Included in the national energy plan is an in-
creased use of natural gas in district heating plants,
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Table 3.3 Primary energy consumed in the Italian district
heat producing units including fuel for electri-
city at combined heat and power plants. (TJ).

Town Fuel oil Natural gas Total

Northern region

Brescia 784 3096 3880
Cremcna - - -
Imola 0 18 18
Mantova 2 56 58
Milano 0 1043 1043
Modena 15 177 192
Reggio Emilia 15 158 %) 243
Rovereto 0 18 18
Torino 667 234 901
Vercona 0 453 453
Vicenza 0 20 20
Italy, North tot, 1483 5273 *) 6826

Central region

C. N. V. Cecina - - -

Roma ~ 145 82 227
Ttaly, Central tot. 145 .. 82 227
Italy, Total 1628 5355 7053

Source: A,I,R.U, 1986

*) 70 TJ additional heat produced for district heating in

Reggio Emilia is based on industrial waste heat.
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The capacity is forecasted by linear extrapclation. On the
basis of the average heat demands described in Section 2.6,
it is calculated that about 20% of the dwelling stock in
the Northern Region will have district heating in 1955.

3.5. Simalation results

Data concerning investment, operation and maintenance costs
for Italian district heating plants have not been available.
Only very aggregated data concerning the future development
programmes for the Italian district heating systems have
been found.

The priority lists of the fuels are exogenous but in most
district heating areas fuel o0il becomes the residual fuel
in conventional district heating plants. This means that the
order of the fuels in the priority list is less important
but typically the cheapest fuels have the highest priority.
The maximum loads for each fuel are more important because
they directly affect the amount of residual fuel consumed
in the district heating area in question.

A forecast of district heat demand until the year 2000 is
shown in Table 3.4,

Table 3.4. District heat demand forecast.

Area heated by Annual growth in the
district heating, area heated by district
1986 (10°m3 heat until year 2000

Northern italy 27.35. 8.8%

Central Italy 0.29 16.6%

Southern Italy 0 0 %

Total, Italy 27.64

Source (AIRU 1986, and Table 2.6).
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In Table 3.5 the simulated primary energy consumption for
disstrict heating is listed., The model assumes that 75% of
the annual growth in primary energy requirement for district
heating will be covered by natural gas according to the ge-

neral trends in Italian energy planning.

From Table 3.5 it is seen that the annual growth in primary
energy for district heating is around 9% for the whole of
Italy.

The electricity produced at minor combined heat and power
plants with an installed capacity less than 30 MW is treated

in the DESS-model as a simple reduction in the electricity
demand.,

Table 3.5. Primary energy demand for district heating (TJ)

1986 1990 1995 2000

Northern Italy Fuel oil  1.483  2.367 3.608 5.501
Nat. gas  5.273 7.100 10.825 16.503

Total 6.756  9.467 14.433 22.004
Central Italy Fuel oil 145 105 226 487
Nat. gas g2 315 678 1.462
Total 227 420 904 1.949
Total fuel oil 1.628 2,472 3.834 5.988
Total nat. gas 5,355 7.415  11.503 17.965

Italy total 6.983 9.887 15.337 23,953
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4. THE POWER SYSTEM MODULE

In the power system module the total electricity production,
split into different power systems and fuels, is simulated.
Priority has been given to an analysis of the coordination
between hydropower and thermal electricity production.

4.1. The general structure of the power system

The general structure of the Italian power system is shown
in Table 4.7 and 4.2.

Table 4.7. The structure of the Italian power system, max.
capacity 1986 (MW)

Max. capacity

Hydropower plants 18047
Thermal power plants: 4G215
- fossil 38438
- geothermal 465
- nuclear 1312
Total 58262

Source: ENEL, 1987 (Table 4)

The hydropower capacity amounted to about 30 per cent of
the total in 1986. The rest of the thermal capacity was
split into traditional fossil production with about 66 per
cent of the total power and geothermal and nuclear plants
with respectively about 1 and 2 per cent.
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Table 4.2. Generation structure for Italy 1986 (Gwh)

r—sa

1986
Hydropower production ‘ 44,531
Traditional thermal production 136,281
Geothermal production 2,760
Nuclear production 8.758
Electricity used for power production2) ~9.724
Electricity used for pumping -4.786
Import—export balance +22.114
Net production?) 199,934

Source: ENEL, 1987 (Table 2)
ENEL, 1982 (Table 2)

1) Corresponding to total useful electricity for consumption
plus transmission losses.

2} In connection to reservoirs.

It is seen from Table 4.2 that thermal production contribut-
ed to about 68 per cent of the total generation in 1986 and
hydropower to about 22 per cent. A net electricity import
covered the remainder of the requirements,

The situation 1s further illustrated in Table 4.3 which
shows the fuels used in the plants in 1985 tcgether with
estimates for 1990 and 1995.

In the period 1985 to 1995 the total fuel requirements for

electricity generation are planned to increase by 22 per
cent. (Commissione Industria della Camera, 1984).
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Table 4.3. Share of fuels for electricity generation in 1985
and the goals of the national energy plan for 1990 and 1995.

7 1985 1990 1995
Coal 14,0 21,4 38,5
Gas 11,8 8,9 6,1
01l products 38,7 33,9 16,2
Hydro-geo 22,6 19,7 19,2
Nuclear 3,2 7.2 12,3
Import 9,7 8,9 7.7
Total 100,0 100,0 100,0

Scurce: Commissione Industria della Camera, 1984

In 1985 oil products were a dominating fuel covering about
60 per cent of the fuels in fossil fired thermal production,
while coal and gas each covered about 20 per cent.

In the period up to 1995 coal is planned to have a rising
share. By 1995 its share will be even greater than that of
0il products.

This development is different from the tendency of the power

system structure in the last 20 vears which is shown in
Table 4.4,
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Table 4.4. Electricity generation in Italy 1965-1985 (‘Wwh)

1965 1970 1974 1380 1985

Hydropower 43,0 41,3 39,3 47,5 44,6
Traditional thermal power 33,9 70,2 103,7 133,4 131,4
Geothermal power 2,6 2,7 2,5 2,7 2,7
Nuclear power 3,5 3,2 3,4 2,2 7,0
Power for production
and pumping -2,9 -5,9 ~8,9 -11,6 -14,4
Import-export balance 0,3 4,0 | 2,3 6,1 23,7
Total 80,4 115,5 142,3 180,3 195,0
Source: ENEL, 1977
ENEL, 1982
ENEL, 1987

The development of the power system was in the period 1965
to 1985 characterized by that almost the total increment in
power production was cbvered by an enlargement of the tra-—
ditional thermal production. At the same time nuclear power
production only increased sligthly. The hydropower produc-
tion was relatively stable in the period.

4.2, The Italian electricity legislation

It is stated in the TItalian energy legislation that the
government electricity generation company Ente Nazionale
Per L'BEnergia Elettrica (ENEL) 1s the main producer of
electricity, In addition, autoproducers of combined heat
and power are permitted to deliver electricity to ENEL
under the constraint that capacity of each producer is less
than 3 MW. Further some municipal power plants are excepted

from this constraint.
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Following that ENEL contributed more than 80 per cent to
the total electricity production in Italy in 1986 while the
shares of autoproducers and municipalities was about 13 and

4 per cent respectively (ENEL, 1987),

Power stations established by municipalities, other local
authorities or public organisations are dimensioned accord—
ing to the heat requirements in the area. Surplus electri-
city is sold to ENEL at a price given by the Ministry of
Industry and Commerce. With ENEL being responsible for the
establishment of the necessary connections to the distribu—
tion systems. In recent years the contribution from indus-

trial producers has been decreasing.

4.3. The power system optimization principle

As mentioned above the power system module simulates the
electricity generation split into different types of plants.
In this simulation an advanced optimization method is
necessary to describe the variation in durability and mar-
ginal and total costs for the different production systems.

The DESS-Model contains a database with technical and econo-
mic information about the production systems. The informa-
tion may be very detailed, covering every single existing
or planned power plant, or can be typical data for a speci~
fic production system. In the Italian DESS simulation,
priority has been given to the analysis of the interaction
between thermal power production and hydropower production
and therefore the production is represented on an average

level.
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The optimization problem is fundamentally different for the
two cases of thermal power and hydropower simulation. In
the thermal power simulation the marginal costs of produc—
tion must be minimized for every single time step. This
means that the base load must be covered by plants with re-
latively low variable costs (i.e. operation and maintenance
costs) and high start-up costs. At the same time, the peak
load must be covered by smaller flexible plants with relati-
vely high marginal costs.

Typical base load plants are nuclear power plants and fossil-
fired condensing plants. Peak load plants may be diesel en-
gines gas turbines etc. This systemisation method used in
the DESSModel has been further described in specific reports
(Grohnheit 1986, Larsen 1981).

The hydropower production may be used most efficiently ob-

serving two constraints:

- as much as possible of the peak load demand must be co-
vered

~ the available amount of water - representing potential
energy - must be used in accordance to the reservoir
dimensions and the expected amount of water in a given

period.

In relation to this it is necessary to manage the hydropower
production using models which according to the actual long
forecast horizon used in the DESS-model are able to make a
relatively precise forecast of the electricity demand and

the water amount in the reservoirs.

A miscalculation of the hydropower load can have the conse-
quence that very expensive peak load production from thermal
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power plants must substitute the peak-load hydropower pro-
duction. The latter has, in principle, a near zero marginal

cost when the water is available.

It is typical for the hydropower simulation problem that
the available amount of water varies substantially during
the year In some periods of the year, for example in the
spring, so much water is available that hydropower may be
used for base load as well as peak load production. Con-
versely in the autumn the hydropower production is used
almost exclusively for peak load production.

In a period with relative low water availability hydropower
is used only for peak load. In this situation the hydro
power plants are run generation only a few hours every day.
During the rest of the day the reservoirs may be used as
pumped storage using cheap baseload production. Conversely
in periods with relative high water availability hydropower
plants are used both as base load plants and as peak load
plants.

As a consequence of these different management problems for
hydropower and thermal power production the Italian DESS
simulation is done in three steps. First the hydro power
preduction is simulated. Secondly the import and hydro
power production are subtracted from the total production.
Finally the thermal power production, split into different
types of plants is simulated.

4.4, Load duration curves

In the DESS-model the power demand as a function of time is
represented by load duration curves calculated on basis of
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time series. Unfortunately only poor data about the Italian
power system has been available for these calculations.
Therefore the actual simulation are based on 12 24~hour
time series for the 3rd Wednesday of each month for only
one year, namely 1986 (ENEL 1986). A statistical analysis
of the variation of the powerproduction structure (ENEL,
1987 and ENEL 1980) suggests that a reasonable basis model
from a statistical point of view would have been load du-
ration curves for about 10 years. As mentioned already this
has unfortunately not been available.

The load duration curves for each month of ﬁhe year which
are used in the simulation are calculated on basis of the
abovementioned time series for electricity demand for the
third Wednesday in each month. These are used as represen-

tative average demand data in the simulation.

The load duration curves for the thermal power production
are shown for each month of the year in the following fi~
gures 4.la to 4.1d. These illustrate the very different
optimization problems which occur in the different periods,
depending on water availability.

In the above figures 4.1a to 4.1d the thermal load duration
curves are grouped in quarters of the year to show the great
deviations within the quarters. If 4 average load duration
curves were used in the simulation each representing an
average of the quarter, valuable information about the load
management problem of the thermal power plants would be
lost. A simple mean value load duration curve for each
quarter would properly give the right energy production as
totals for each year, but forecasts about the amount of
electricity produced by peak-load units will be very un-
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certain and knowledge of the peak load is essential for

dimensioning the capacity of the power plants.

Due to these variations we have chosen to use 12 load dura~
tion curves in the actual simulation.
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Fig. 4.1a - 4.1.b. Thermal load duration

curves for Italy. (For 24 hours x 30 days).
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Fig. 4,71.c = 4.1.d4. Thermal duration curves
for Italy. (For 24 hours x 30 days).
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Fig. 4.2 shows the difference in hydropower production be-
tween May, the month with largest amount of water available
and November where most peak load is covered by thermal
power production because of a low water availability.

Qfr curves.

Load durati

Max/Min hydropower 1986

AW
(Thousonds}

hours
O May. + HNovembaer,

Fig. 4.2. Load duration curves for hydropower production in
May and November.

When a great deal of water is available, the hydropower
plants are capable of producing electricity both in the
peak-load and the base-load hours. The two lcad duration
curves in fig. 4.2 show this effect. The slope of the curve
for May is less than the slope of that for November. Thisg
means that the hydropower plants produce electricity in
shorter time intervals in November than in May.
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4.5, Technical database and simulation parameters

The technical database of the DESS-model contains the fol-
lowing data about a unit or groups of identical units in
nuclear and thermal power plants. Both existing and planned

units are included.

- number of units

- installed capacity

- fuel type

~ specific fuel consumption

- fuel consumption for start up and stand by
- investment costs

- costs of operation and maintenance

- minimal power

- reliability factor

- availabhility factor

For CHP-plants the following additional data are necessary:
~ max. electricity production when unit operates in back-
pressure mode and relation between power production and

heat production.
All data in the database are based on (ENEL 1986) and typi-
cal German data about fuel consumption, availability and

reliability.

Simulation parameters

The following list contains the main simulation parameters:

= Maximum load:  Forecasts for the highest peak load each

year.
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-~ Worker's wage:

- Regserve demand:

- Fuel prices:

- New units:

- Heat demand:

Forecast, used for the costs of operation

and maintenance.

Forecast for the reserve power which the
system must provide during the simula-
tion. This is used for calculating the
possibilities for service on - and the
availability of the power generating

units,

Forecast about the development in fuel
prices in the simulation period. This is
used for calculating the fuels costs of
each unit,

Insertion time of planned power plants.
Refers to the technical database,

Forecasts for the heat demand in each
region each month.

Typical values of these parameters are shown in Table 4.6.
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Table 4.6, Simulation parameters.

Maximum load 22867 MW
Worker's wage 12670 Lire/hour

Reserve demand 20 %

Fuel prices Coal 3894 Lire/GJ
Lignite 2921 "
Natural gas 6490 "
Fuel oil 8437 "
Gas derivate 6490 "
Other 2921 "
Uranium 1558 "

Heat demand (GWh) Northern Central

region region

January £9.58 0.394
February 75.42 0.427
March 64,94 0.368
April 53.87 0.305
Maj 41,75 0.237
June 26,94 0.153
July 13.92 0.07%
August 13.92 0.079
September 22,45 0,127
October 32.47 0.184
Novenber 49,138 0.280
December 64.94 0.368
Total 529.58 3.001

New units No new plants are brought into service in the

simulation period due to lack of data.

Source: AIRU 1986, ELSAM 1978 and ENEL 1986
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4.6, Simulation results

In the following Table 4.7 a comparison is made between the
actual production structure for thermal power plants in
Italy in 1986 and the DESS simulation.

Table 4.7, Simulated relative distribution of the power pro-
duction in 1986 compared with statistical data (ENEL 1986).

Electricity production Simulated % Statistic %
Internal combustion engines 0.50 0.30
Gas turbines 1.90 0.70
Condensating plants 79.70 85.00
Backpressure - 0.10 3.40
Extraction - 8.70 4,60
Nuclear - 9.10 6.00
Total 108.0 100.00

Statistical source: ENEL, 1986

The differences between the simulated electricity generation
and the statistical data is probably due to the following
uncertainties in the model and data.

The availability of the Italian nuclear power plants is
based on German data, If the correct availability for the
Italian plants is lower than the data used in the simulation
the nuclear production will decrease correspondingly. Fur-
thermore the heat demand in the CHP districts is based on
data on heat consumption and ite geographical distribution.
In the model Italy is split in 2 heat regions covering
Northern and Central Italy and a similar distribution is
made for the backpressure and extraction power plants. If
the heat demand for these regions is overestimated then the
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corresponding electricity generation from these units will
also be overestimated.

A correction towards a lower heat demand will increase the

amount of electricity produced by condensing power plants.

The model assumes that all electricity produced in Italy can
be distributed all over Italy without any restriction due
to e.g. limited transmission capacities. This assumption
may certainly influence the production by the various plants

and result in a distribution different fr;m1 the actual.

The load duration curves used in the simulation are based
on load time series in which the 3rd Wednesday is assumed
to be a typical day in each month. Comparisons between 1985
and 1986 statistics show only small differences in the load
time series. This data may, however, introduce some uncer-
tainties.

The numerical methods used for the calculation of load dura-
tion curves on the basis of time series as described above,
including the conversion to the 6-straight line approxima-—
tion, add an uncertainty of at most 3% to the total energy
production. This uncertainty is calculated as the difference
between the power production integrated from the time series
and the power production integrated from the load duration
curves.

4.7. Trends and possible scenarios for the Italian energy
system

The model has been used for a simulation of the power gene-
ration structure for the period 1985 to 2000 under the con-
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straint that the fuels used for thermal power generation
are used according to a cost minimization principle. This
simulation is based on a test development plan for the
Italian power system (shown in Table 4.8), where all new
plants constructed between 1990 and 1999 are coal fired
thermal plants.

The simulation results are shown in Table 4.9. Compared
with the actual fuel consumption in Italian thermal power
plants the simulation gets out with a relative high share
of natural gas and coal while fuel oil becomes a less im—
portant fuel than it actually is. This result depends on
the fuel prices referred in Table 4.6 where coal and natural
gas as a relatively cheap fuels displace fuel oil.
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5. THE PROCESS MCDULE

In the process module the total fuel requirement for process
energy purposes 1is simulated. The process energy require—~
ments are gplit into the three sectors: industry, agricul-
ture and the service sector. For this three sectors the fuel
consumption for the period 1980-2000 is calculated for the
following five energy forms:

t. Solid fuels
2. 0il products
3. Gas

4. Electricity
5. Other fuels

The energy demand forecasting model MEDEE 3 is used as a
source for the sector specific fuel requirements. {Bingen,

1985}.

The simulation results are shown in the following table 5.1.
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Table 5.1. Simulation of fuel requirements for process pur-—
poses in Italy 1980-2000 (EBJ).
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As shown in table 5.1, the total fuel regquirement for pro-
cess energy is the main part of the process energy consump-
tion with a share of more than 80 per cent of the total
fuel consumption. The industrial fuel consumption grows by
about 11 per cent from 1957,6 PJ in 1980 to 2181,4 PJ in
2000. In this period the industrial consumption of solid
fuels and oil products decreases while the gas and electri-
city consumption increases. Also fuel consumption in the
service sector and the agricultural sector is expected to
increase from 1980-2000 and the same tendencies is expected
in the development of the different types of fuels as for
the industrial sector.
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6. THE TRANSPORT MODULE

The transport module simulates the total fuel requirements
in the period 1980-2000 for the following different forms
of transport: Railway transport, road transport, air trans-—
port and sea transport. For these four transport forms the
fuel consumption split in the following five fuels is cal-
culated:

T. Petrol

2. Gasoil

3. LPG

4. Aviation fuel
5. Electricity

The energy demand forecasting model MEDEE 3 is used as a
source for the fuel requirements for the different forms of

transport (Bingen, 1985).

The simulation results are shown in the following Table 6.1,
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Table 6.1. Simulation of fuel requirements for transport

purposes in Italy 1980-2000 (RJ}.
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The main consumer of the energy in the transport sgector is
as Table 6.1 shows road transport which amounts to about 90
per cent of the total fuel consumption. Petrol amount to
about 56 per cent of the road transport fuel consumption

and gasoil almost covers the rest of the requirements,

It is assumed in the simulation that the total consumption
of the different transport fuels will develop in the follow-
ing way from 1980 to 2000. The petrol consumption will fall
with about 18 per cent, gasoil consumption will grow by 68
per cent, LPG consumption will grow by 72 per cent, aviation
fuel will grow by 7 per cent and finally electricity consump-
tion will grow by 43 per cent. As a result the total fuel
consumption for transportation is expected to increase by
20 per cent from a level of 1012 PJ in 1980 to 1215 BJ in
2000,
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