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Abstract

This report describes thproduction data serving aan input to the Population-
Environment-Technology (PET) model (Dmitand Goulder, 2001; Dalton et al., 2008).
The PET model is a multi-sectanulti-region computable geral equilibrium model of

the global economy. We describe the pthoes used to develop regional production
data for the model. GTAP (Global Trade Analysis Project) represents the major
production data source. The document exglaihe structure othe data and the
modifications we make to it, including modiéitions to the treatmenf trade, physical
energy quantities, and household consumption.
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Production Data for the Population-Environment-Technology
(PET) Model

Regina Fuchs
Shonali Pachauri
Brian C. O’Neill

1. Introduction

This document describes the general structure of the production data employed in
calibrating the Population-Environment-Tewology (PET) model (Bliton and Goulder,
2001; Dalton et al., 2008), aradso the modifications we rka especially with respect

to trade and energy quantities.

Section 2 describes the stture of the Global Trade Atysis Project (GTAP 6)
data base (Dimaranan 2006), our main data source, and Input-Output (I-O) tables in
detail. We explain how the different padkan I-O table are built up and how GTAP
data is constructed within the I-O framewoSection 3 deals with trade and transport
margins. GTAP contains very detailed infotraa on trade and transgpbut it is not in
a form directly useable by the PET modelr #as reason we modified the data in order
to meet the PET model requirements.

GTAP supplies energy volume data whis based primarily on the IEA energy
balances (IEA 2003a, IEA 2003b). However triginal IEA energy quantity data is
modified as part of the pcess of producing national [4@bles (Dimaranan 2006). We
re-balance the GTAP I-O tables in order todoasistent with the original IEA energy
quantities, given the high priority we gale on accurate repeggation of energy
guantities (and associatedrioan emissions) in the PET adel. This procedure is
described in Section 4,

The GTAP production data only supgidousehold expendies as a single
consumption vector. In fact we are intgex in the shift olemand across household
consumption goods, and therefore split the consumption vector into several sub-
categories of consumption goods via the altled G-Matrix. The disaggregation of the
household consumption data is described in Section 5.

2. GTAP Input-Output Tables

The Global Trade Analysis Project (GTAP)D&ta Base aims to represent the world
economy for the reference ye2d01. GTAP 6 provides a set filks that contain flows

of goods and servicesithin and among regions based @yional InputOutput (I-O)
Tables for 87 regions and 57 commodities.tétins are in money values, in millions of
2001 U.S. dollars. Except for energy, nouroke data is supplied. The GTAP 6 Data
Base is organized in 4 sep&ralata packages which contain the file sets, parameters,
main data and energy volume data.



Figure 1 shows the general structure of an I-O table. Each row describes the

output of a particular industry (i.e., the valaf the commodity it produces that is used

by the other sectors of the economy) orthe value added section of the table, the
allocation of an endowment across sectérslefines capital, L denotes labor and T
includes any type of taxes. Each columsalibes the inputs to an industry (i.e., the
value of the commodities or endowments itghases as input to its production). Final
demand includes private (C) and governm@it consumption, investment (I), exports

(X) and imports (M). The total cost of productitor a particular industry is represented

by the column sums, and the total valuetloé output of a particular industry is
represented by the row sums (uding exports, minus imports).

GTAP data are based primarily on natioil@l tables, but in t cases of energy,
agriculture and food, ade, and import and export dutiegjues in thenational tables
are substituted by separately constructed data bases. This procedure is intended to
ensure international consistency, patacly regarding the sectoral mapping of
commodities, which is performed in different ways across countries in the original I-O
tables.
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Figure 1. General structure afh Input-Output table.

2.1 Intermediate production

Since the GTAP database is designpdmarily to support studies involving
international trade, intermediate and fidemand are divided into purchases from



domestic sources and those purchased from abroad. Our interest is limited to the overall
intermediate and final demand; for thisason we sum up imports and domestic
purchases. Figure 2 shows a decomposiioa hypothetical intermediate production
sector and the units in whiakata are supplied, in order pvovide a basis for further
discussion of the data.

Intermediate
Production

Domestic Imported
Purchases Purchases

Domestic Purchases at Domestic Purchases at Imported Purchases at Imported Purchases at
Market Prices Agents’ Prices Market Prices Agents’ Prices
Domestic Purchases at Imperted Purchases at " rt Duth Imperted Purchases at
Markat Pricas World Pricas mpo les Markat Pricas
+
Commeaodity Taxes Commodity Taxes

Figure 2. Decomposition of inputs to inteediate production into domestic and
imported purchases. Different price me@s employed are shown in blue boxes.

All intermediate flows of goods and semgare available in terms of agents’
and market prices. Agents’ values of commodities are the sum of the market value of
the respective commodity and net taxes (taxes minus subsidies). This applies to all
goods in the market, for intermediate praitut as well as for primary production and
final demand. We use market prices andudel net taxes as atidnal row in the 1-O
table.

2.2 Primary factors and taxes on inputs and outputs

In Figure 1, we display labor and capita the only endowment commodities. But in
fact, GTAP distinguishes 5 diffent primary factors, namely skilled and unskilled labor,
land, natural resources and capital. GT#déparates labor into skilled and unskilled
labor on the basis of occupatial classifications. In adtn to GTAP 6 there is a
separate land use data base which splits up land into agro ecological zones (AEZ’s) and
their use by the different industries.

GTAP provides figures on income tax, lacfor and region (not by industry), as
well as factor employment xa by factor, industry and geon, which is, again, the



difference between market value and agevdtue of output (Figre 2). In addition,

there are taxes on outputs (ad valorem tax) by commodity (summed over industries).
We include the net value of all taxes (atsgort and import taxes) as a single row in
the value added portiaf the I-O table.

2.3 Final demand

For investment goods, which are based oanges in physical capital stocks, GTAP
creates a fictitious sectotnputs to this sector represent imported and domestic
purchases of goods used for investment (eaghimery, construction of buildings, etc.).
Although GTAP provides data on investmémt the economy as a whole broken down
by commodities, it does not atacterize investment undaken by each sector.

Residential and government consumptiagain, is split up into domestic and
imported purchases, which can beilgasimmed up sector by sector.

2.4 Data aggregation

GTAP 6 is supported by GTAPAgg, a Windewprogram that aggregates several
regions/commodities to one or more commagiors/sectors and creates a data base of
the selected collection obantries/commodities. Besides regions and sectors, primary
factors can also be aggregated. GTAPAQgely easy to use and provides an interface
to specify the new (aggregate) regions/ouodities you want to create out of the
corresponding GTAP regions/commodities. c@nthe data is aggregated, it can be
exported without any difficulties and maniptéd by a spreadsheet program (e.g. MS
Excel).

GTAPAQgg aggregates countries by a simgdiglition of the elements of the I-O
table from several countries to make gioa. For example, in creating a European
region, the value of energy injguto Albania’s transportath sector is added to the
corresponding value for Bulgaria. This gaggation introducesan inconsistency
regarding imported and domestic productiom GTAP, inputs to each sector are
disaggregated into domestic and imported Ipases. Adding these separately, as is
done in the GTAPAgg prograneads to an overestimaté imported purchases (and
underestimate of domestic purchases) in the aggregate region, because some portion of
purchases previously defined as impoiiegd. from Albania to Bulgaria) should now be
defined as domestic produan (i.e. within Europe).

To adjust for this inconsistency in the aggregated data, the intra-regional trade
has to be subtracted from each industriat@és imported purchases and shifted to its
domestic purchases. Because in the RBddel we do not differentiate between
domestic and imported inputs to productioe, are not affectedy this problem.

We apply the GTAP production data t@tstructure of the PET model. Our aim
is to deploy up to 25 production sectorghie PET model (see Appendix Table 1) and
up to 24 regions (see Appendix Table 2), buhim current version of the model we use
9 regions and 5 sectors: “coal”’, “oil amnghs”, “refined fuels”, “electricity” and
“materials”. In principle one could useny aggregation of the 57 GTAP production
sectors. Figure 2 gives the structure of diggregated I-O table we employ in the PET
model. Note that in addition to aggregatinglustries, we also aggregate taxes into a



single net tax row, aggregate land, natueslources, and capitailto a single capital
row, and aggregate skilled and unskillabor into a single labor row.
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Figure 3. Structure of the Input-Outpubla currently used in the PET model.

3. Trade and Transport Margins

The focus of GTAP is trade. It combines detailed data on bilateral trade, transport
margins and import and export duties/subsidieih data from national I-O tables (as
discussed above, separately constructed da energy, food and agricultural products
are also employed). However, the formatMnich trade data is supplied by GTAP 6 is
not ready to be used directly in a mukigion CGE model sucht the PET model in
which international trade is not modeled aseparate industry. Ithis section, we
describe the GTAP trade data, and our apprt@aellapting it for use in the PET model.

3.1 Trade

The main source for bilateral merchandiszde is the United Nations COMTRADE
data of 2001, which covers only merchandise trade of goods (not services) and
electricity. The second sourcetlse IMF balance of paymensgatistics of September
2003.

In the GTAP database, imports and expants available on a bilateral basis.
Exports and imports are measured in twiedent prices, world and market prices,
which differ in their treatment of taxes andrisport margins (i.e., ¢hcost of services

! GTAP contains a highly diversified datase on import and export taxes (Dimarar2296, 16.A.2-16.A.4). In general exporx ta
information from |-O tables comprisesnly ordinary export subsidies and does not take @@oount information on price
undertakings, VERs (voluntary export resita) and MFAs (Multi Fiber Arrangements3imilarly, import information typically
includes ordinary import tariffs but not anti-dumping duties. GTiés to complete these informational arrays. Imported pseh

in market prices are the sum of imports in world prices phdgary import duties and anti-dumping duties. Exports in tefms o
market prices consist of exports valued at world prices nurdisary export duties, VERs, MFAs and price undertaking expgrt t
equivalents.



used to transport goods for internatiomi@de). Figure 4 describes the relationship
between price units, margins and taxes. Market prices reflect prices faced by agents
within the markets of either an exporting importing region. Therefore exports at
market prices do not includeither export or import duties, while imports at market
prices include both. World jges reflect prices faced #ie international level, after
goods have been exported but before they have been imported. Therefore both exports
and imports at world pricesiclude export duties, but nkér includes import duties.
Imports and exports at worldrices differ, however, in another respect. Transport
services demanded for international trade.(itransport margins) are attributed to
imports, and included in the world pricer fonports but not inthe world price for
exports. Thus the value of every imported goodervice includes a transport margin
used to ship the product.

Exports at - _ Imports at
market prices + Margins + Export/import Taxes = market prices
Imports at o R Imports at
world prices B market prices
Exports at : ) Exports at
world prices ~ Margins - Export Taxes = market prices

Figure 4. Relationship of exports /parts at market and world prices.

An example serves to clarify theselationships. Suppesthere are $10,000
worth of fish in Norway at the marketipe there. If thesdish are exported to
Denmark, extra costs are incurred before tteach the market in Denmark: the cost of
shipping ($1,000) and possibdxport taxes (or subsidieé$100) imposed by Norway,
and import duties imposed by Denmark ($200). Thus the market price in Denmark in
this example will be $11,30@nd therefore the value of gorts from Norway will not
equal the value of imports to Denmark inrket prices. Exports and imports are also
not equal when expressed in world pric&®. get imports in world prices, import duties
($200) are subtracted fronmports at market prices ($11,300), giving a value of
$11,100, and to get exports in world pricesport taxes ($100 total) are added to
exports at market prices ($10,000), givit0,100. The difference between exports in
world prices and imports in world pricase the transport margins which account for $
1,000. In a multi-region CGE model such the PET model, the bilateral value of
imports and exports must be equal. @gproach to establishing this condition is
through the treatment of transport marguotesscribed in the rest of this section.



3.2 Transport margins

Complete information on a margin includes the following dimensions:

(1) the margin service or mode of trandp@ir transport, sea transport, ...),
(2) the country of origin ofhe transport service,

(3) the commaodity to which thservice is applied,

(4) the country of origin of the merchandise and

(5) the country of destination.

Returning to the example of fistmported by Denmark from Norway, a
complete description might involve seartsport (1) supplied by a Polish company (2)
of the fish (3) exported from Norway (4) Benmark (5). GTAP provides two types of
data regarding such margins: data on nmasgipply, and data on usage (or demand).
Margin supply denotes the value of the sport services provided, and is associated
with the country that supplies them, in tioigse Poland. Margin demand, or usage, is
defined as the value of transport servicesdu® import a particular commodity, and is
associated with the country ofddmation, in this case Denmark.

In GTAP, margin supply is provided aseparate variable, dmust be added to
exports from the transport sector of thgplying region in ordefor the region’s 1-O
table to balance. laur example, the $1,000 worth of fishnsport services supplied by
Poland must be added to the total expomsnfthe Polish transposector. Although
GTAP provides a separate variabléST) that gives the total value of all transport
margin supply for a given country, it doest poovide supply datdy commodity or
country of origin/destination ahe traded good. So indfGTAP database for Poland,
we know the total value of margin suppbyt we don’t know hownuch was used to
transport fish, or how much was used Korwegian exports or Danish imports. For
that matter, we do not know how much ofiBto margin supply was used to export from
or import to Poland itself.

In contrast, margin demand in GTAP is available by both commodity and
country of origin/destination dhe traded good. So in our example, the GTAP data for
Denmark would include not only the $1,000 transport margin for fish imports, but we
would also know that that margin was asatex with exports from Norway. It would
also include the value of trgport margins for fish imports from any other country, as
well as imports of any other commoditWwhat is not included, however, is which
country supplied the transport services &ach bilateral trade div, even if it was
Denmark itself.

In summary, using the GTAP data it is yrpossible to identify a country’s total
transport margin supply to the international transport sector and the transport services
associated with imports of each commaodityisihot possible to match transport supply
with demand on a bilateral basis.

In order to describe thesepasts of the data more forilya we present a short outline
of the trade and price identisién the next paragraphs.



3.3 Measures of imports and exports including transport margins

The following definitions are consistent wiBTAP notation and will be&sed to refer to
terms of trade in the data. denotes a good transported from source regicio
destination region:

VXWD(,r,s) = VXMD(i,r,s) + XTAX(i,r,s)
Exports at world price = Exportg market price + export taxes

In other words, the price of a good on therld market (i.e., in world prices or
in terms of f.0.b. (free on bogjds its market price in theountry of origin modified by
the corresponding export taxes. Note that espat world prices do not include the cost
of transport. For imports, we have:

VIMS(i,r,s) = VIWS(i,r,s) + MTAX(i,r,s)
Imports at market prices = Impomsworld prices + import taxes

The value of imports at world pricesclodes both export duties and the cost of
transport, and the cost of import duties is added as well in order to arrive at market
prices in the importing country. Thus, tt#ference between exports at world prices
(f.0.b.) and imports at world prices (or in.tt.terms) is the iternational transport
marginVTWR(i,r, s):

VXWD(i,r,s) = VIWS(i,r,s) —VTWR(,r,s)

Since exports at world prices framto s equal imports at world prices minus
transport margins fromto s we get:

VIMS(i,r,s) =VXMD(i,r,s) + VTWR (i,r,s) + XTAX(i,r,s) + MTAX(i,r,s)

Imports at market price = Exports at market price + transport demand + export duties +
import duties

This identity describes transport margin demand associated with imported
goods. GTAP 6 provides an extrata@array for transport supply¥'ST (r) that denotes
transport supplied by regiom -- i.e., the value provided @y country’s transport sector
for transporting goods internationally, &ther it is for exporting goods, importing
them, or transporting thetretween two other countriesAs described above, transport

2 Transport supply is also differentiated by mode afs$port (land, water, or air) in the GTAP data, but
we do not use that distinction in our analysis.



supply is not disaggregated by the commodityich employs transport services for
exports. Nonetheless, transport margipy and demand equahen summed over all

indices, but not necessarily for bilaterartsport since the trgpsrt services can be

provided by a third country.

3.4 Treatment of trade margins in the PET model

The PET model requires the value of expértsn a source region to be equal to the
value of imports in a destitian region. In GTAP, bilatefamports and exports are not

of equal value, because even when measured in world prices, they differ by the value of
transport margins. In general there are bptons for establishing this equality: either
include transport margins in the value of both exports and imports, or include margins
in neither. We choose the approach ofudahg transport margins in both exports and
imports, in order to ensure that the econoadtvity associated with transport services

for internationally traded goods, which candudbstantial particularly for some energy
goods, is captured within the model.

Since margins are already included in ¥héue of imports, we need a method to
incorporate their value inilateral exports as well. &hlly, the method would also
preserve the total value of margins suppligdeach region as a whole. As discussed
above, GTAP provides data on total margip@y by region, but it is not disaggregated
by sector or region of origin/destination tife traded goods, which is essential for
producing balanced trade flows. In briefjr method produces an estimate of margin
supply disaggregated by secsord region based on a set of simplifying assumptions. It
consists of the following steps:

1) Assume all margins are supplied by tlmimtry of origin of the traded goods.
Margin data associated with imporése available by sector and country of
origin/destination, so we adtle value of these marging exports of the origin
countries.

2) Rebalance the I-O table by adding cop@wding transport service inputs to each
sector that has had transport margidsleal to the value of its exports. In
addition, adjust the region’s exports froiime transport sector to reflect the
redistribution of margirsupply in the 1-O table.

3) Adjust bilateral trade flows so thateth are consistent with any change in
aggregate transport sector exporig] preserve bilateral trade balances.

These steps are explained in more itldielow, related to our hypothetical
example of fish exports from Norway BEenmark, and expressed analytically.

3.4.1 Allocating margin supply to regions of origin

The first step of allocating margin supplyttee country of origin of traded goods has
two main benefits: it provides a meansaaifpturing the economic activity associated
with trade margins (as compared to ignoringgiras completely), and it is the simplest
and most direct means of batang bilateral trade flows.

In our fish trade exame] this approach would assume that the $1,000 in
transport services for exporting fishoin Norway to Denmark were supplied by



Norway, and would be added to the valuéNofwegian exports from the fish industry.
This would produce a value of expor$ $11,200 ($10,000 market price + $1,000
margins + $200 export duties), which would be equal to the value of imports to
Denmark. The inaccuracy isath in this case, we knowdhtransport services were
actually supplied by a third country, namélgland. Because of the construction of the
GTAP data and our model structure, we areaii¢ to assign the value of these margins
to bilateral trade with Poland because ia Bolish margin supply data we do not know
the origin or destination dhe product being transported.

Analytically, we add to the value of easkctor's exports the sum of margins
associated with trade to each destination region:

VXWD'(i,r) = VXWD(i,r) + zVTWR(i, rs)
S

whereVXWD' is the adjusted value of exports from regigrand we have suppressed
the indexs in VXWD to VXWD’ indicate aggregate exports summed over all destination
countries.

3.4.2 Rebalancing the I-O table

A consequence of allocating margin supply xpats from the regionef origin is that
the GTAP I-O tables for each region becaméalanced: the value of sector outputs has
been increased by the valuemérgin supply added to expsrtout the value of sector
inputs has remained the same. To restioeeequality betweemputs and outputs, we
adjust the transportation industry inputs toheaector by an amouagual to the margin
supply added to exports of that sector.tdimms of our examplehe value of transport
inputs to the fish sector iINorway is increased by $100@flecting the payments by the
fish industry made to the transport inttysto export the product to Denmark. The
value of this transport input &ready reflected in the vadwof the fish exports, based on
the adjustment we made in the previous section. Analytically, we adjust the transport
sector outputs according to:

OUT'(TRAN, j,v) = OUT(TRAN,j,7) + Z VTWR(i,7,s), i =]
S

where OUT(TRAN,j,r) is the output of the Transport sector in regiorthat is
consumed by sectgrand OUT’ is its adjusted value. This re-establishes the balance
between inputs and outputs in the I-O tablalirsectors except the Transport sector. In
that sector, one further steprisquired. Recall that to laace the I-O table, the total
value of all transport margin&¥ §T) supplied by a region mube added to the exports

of the transport sector. Weve now included some amouritthat total margin supply

in the value of services supplied to other sectors for the transport margins associated
with the exports of those sectors themeslv We therefore need to adjust th&l
variable to account for the fatitat some of the transpartargin supply it reflects is
now represented in other padkthe table. Th adjusted margisupply to the export
market,T’ , is

10



VST'(r) = VST(r) - Z VTWR(i,r,s)

We refer toVST’(r) as excess margin supplyOf>or demand (<0), since it
represents the transport margins suppliec lbggion in addition to the amount that we
have accounted for in the exports of specifict@es. Exports from the transport sector
are then increased by this excess supmlydemand, rather than by the original
VST variable, in order to bance the I-O table.

In terms of our example, suppose that Nayts transport margisupply (i.e., its
VST) were $50,000. In adjustments maal@ove, we have @dady added $1000 of
transport margins to exports from the fisldustry (and to transport inputs to that
industry). We therefore need to reduce thee/af transport margin supply that will be
added to the exports of the transpsettor, so that excess margin supMg1(’) for
Norway is $49,000. Its total margin supply is still $50,000, we have just accounted for
it differently in its I-O table by associatingpme of that supplyith the exports of
specific industries rather than wigtxports of the &insport industry.

3.4.3 Assigning transport exports bilaterally

As a final step, the excesspply of or demand for trapsrt margins must also be
allocated bilaterally so that bilateral trade balances in the transport sector are
maintained. There is no information iretTAP data on which to base assumptions
about the destination of transport suppliedhi® international magk. We introduce an
algorithm that allocates excess transport margins from net suppliers to net demanders in
the simplest manner. In short, we staithwegions that have excess margin supply, and

in each case allocate it to trade with oe@ that have excess margin demand, in
proportion to their excess demand.

For example, expand our twamuntry illustration to five, and assume Denmark
and lItaly are net suppliers of transpontveges. Norway, Germany and Poland are net
demanders:

VST (r) > 0 if r = Denmark,Italy
VST (r) <0 if r = Norway,Germany,Poland

Total excess margin supply equals the sum of excess margin demand across
regions. In order to allocate excess mamgipply from Denmark, we distribute across
the three countries with excess demand aacgrtb their shares of excess demand.
Therefore, the modified transport seeisupply from Denmark to Norway is

VST'(NOR)

VST'(DEN,NOR) = VST'(DEN
( ) ( )*Zi,r VST'(r) if VST’ <0

By applying this procedure to any ofetlbilateral trade relationships, we come
up with balanced bilateral trade flows among all regions.
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4. Energy Balancing

As mentioned in section |, the GTAP DaBase provides regnal 1-O tables and
international trade flows in monetary lvas, but also include a separate energy
volumes database. This database, th&BEnergy Data Set (EDS) (McDougall and
Huey-Lin Lee 2006), is based on data primaftigm the International Energy Agency’s
(IEA’s) energy statistics and balances, bgbalraws on energy price data from several
sources. It is produced jointly with the GTA® and trade tables for each region and
this joint production procesads to changes in bothettenergy quantities and the
economic values relative to the origindhta from which they are derived. In our
applications, we place high value on employing the best estimates of energy quantities
(and associated carbon emissions), andthexefore prefer that the I-O tables be
consistent not with the EDS data, but with the original IEA energy quantity data. We
therefore carry out our own balancing pedure to establish this consistency. The
following sections describe the formattbie IEA energy balances and the procedures
we follow to energy re-balance the GTAP I-O tables.

Previous efforts at such energy redmaing of I-O tables follow two broad
approaches: calibrating I-O monetary valegber to both energy quantity and energy
price data, or to energyuantity data alone. In fact, smonly two out of three variables
(price, quantity, and value) can be regarded as independent, it is problematic to
incorporate both energy pg and quantity data in acadibration (Rutherford and
Paltsev, 2000). We follow the approach outline Sands and Fawcett (2005) that aims
to maintain full consistency between the monetary values in the 1-O tables and the
physical energy volume flows repregehin the IEA energy balances.

An energy balance is a two dimensiotale that presents all inputs, outputs
and uses of different forms of energy insalgiven national or regnal territory. It is
used to record the flows associated with every energy commodity from the point when
new energy enters the system of theamsi/regional energy supplits transformation
and losses that occur in that processuapl all its final end uses. The IEA energy
balances that we use for re-balancing theABT-O tables are armged with all energy
commodities on one dimension of the table alhgprocesses or flows, including supply,
transformation and end-uses on the seatintension (see Figure 5). Commodities in
the IEA energy balances include all energydpand are classified as either primary
(extracted or captured directly from nafurasources) or seconda(gll energy goods
that are not primary but are produced ansformed from primary goods). Flows in the
IEA balances are defined as all the processes between the first appearance and final
disappearance of energy commodities anduohelsupply, transformation, own use and
losses, and final consumption.
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Primary Energy Commodities Secondary Energy Commodities
Energy Flows Coal Crude Oil Solid Biomass Kerosene Coke Electricity

Production
Trade

Total Primary Energy Supply (TPES)

Transformation

Energy sector own use and losses

Total Final Consumption (TFC)

Total Industry
Total Transport
Total Others

Total Non-energy use

Figure 5. A simplified schematic overview of the IEA energy balances

We undertake the following steps toeegy re-balance th&TAP I-O tables
using the IEA energy balances:

e Reconstruct the IEA energy balancesmatch the PET regional and sector
classification

e Carry out the energy re-balancing prdees on the GTAP I-O tables using the
re-constructed IEA energy balances sud@t ey desirable pperties of the I-O

tables are maintained.

The sections below provide a more dethdescription of these procedures.

4.1 Reconstructing the IEA energy balances

We use the IEA’s “Extended Energy Bat®s” (2008 edition) for OECD and Non-
OECD countries as the basis for all the phystcedrgy quantities dathat we use in the
energy re-balancing of the I-O tables.eTHEA databases inatle detailed energy
balances for over 30 OECD and 100 non-OEsontries. The balances have the same
structure as that described in Figureatbove, but include datkor over 50 energy
commodities accounting for a very detailed seenergy flows. Thdirst set of steps
required to carry out the energy re-balandingrefore requires ge-aggregation of the
IEA’'s extended energy balances to match BET regional and sexctclassification.
This involves:

1. Mapping the IEA countries arrégions to GTAP regions.

2. Aggregating the IEA energy commodities to the PET energy sectors.

3. Mapping the IEA energy flow® match the PET sectors.

4. Checking to ensure that energy supptyuals energy use in the reconstructed
energy balances.

We use the information provided by Bougall and Huey-Lin Lee (2006) and
Rutherford and Paltsev (2000) to mapAlEountries and regions to the GTAP

13



classification (see Table 2 in the AppendWe aggregate the IEA energy commaodities

to the PET energy sectors largely bylldewing the mapping rules provided in
McDougall and Huey-Lin Lee (2006) thdescribe how the IEA energy commodities
are aggregated in the GTAP’s EDS. TheAPTEDS, however, deards certain energy
commodities for which data are provided in the IEA balances. For the purposes of the
PET model, in order to carry out a fullaunting of all energy, we adjust the mapping
rules and carry out certain further mod#tions and aggregations to map the IEA
energy commodities to the PET energy sec{gee Table 3 in the Appendix for the
exact matching rules).

We also re-classify the IEA energy flows to match the PET sectors, largely
following EDS industry classification asadlorated in McDougall and Huey-Lin Lee
(2006). We carry out certain further refinam® again to ensurthat all flows are
accounted for and matched to the PET secidrs.details of the rules used for mapping
the IEA energy flows to the PET sectase summarized idppendix Table 4. The
level of detail included in the IEA’s exterdlenergy balances allow for a one-for-one
match between the energy flows and the PET sectors in almost all cases. Two
exceptions occur in the case of (1) agriadtiand food sectorgnd (2) services and
water sectors. In the PET model, we disaggregate the primary agricultural & forest, and
manufactured food sectors into ‘rice’, ‘othemops’, ‘animal products’, and ‘forestry’,
with the first three of these includj both primary and manufactured products
associated with each sector. Within the I&&ended energy balancéisere exists only
a single final consumption sector representaggiculture and forestry’, and another for
‘food products’. We therefore aggregate the@gdtire and forestrgector with the food
products sector in the energy balances. In order to split out the final energy consumption
from this aggregated sector to the folTPsectors mentioned above, we use the shares
of expenditures on the specific energy comrtiesliin monetary values from the GTAP
I-O table. This approach makes a simplifying assumption that the energy intensity of
production of each of these four sectors entital. A similar procedure is applied to
split the energy flows to the ‘other sem®t and ‘water’ sectors in the PET sector
classification, since the IEA balances omyovide information for the single final
consumption sector ‘commercial and palservices’ that includes water.

Finally, we carry out a balance check to ensure that energy supply for each of
the aggregated energy commodities matches energy use or demand in the re-constructed
energy balances. The general structure ofE#eenergy balances are maintained in the
reconstruction, but the table idtimately transposed soahit resembles the general
structure of the GTAP I-O table.

4.2 The energy re-balancing procedure

Once we have the re-constructed IEA energy balances for our PET regions, we use
these to rebalance the GTAP I-O tabtesmaintain full consistency between the
monetary values in the I-@nd the physical energy volunflews represented in the
energy balances. The re-balancinggedure involves the following steps:

1. Construct a hybrid I-O table by substihg physical energy flows from the
reconstructed energy balances for the ntemyevalues in the energy rows of the
I-O tables and treat all values excepade for the value added components (i.e.
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primary factors and taxes) and impoatsd exports in théybrid I-O table as
guantities.

2. Estimate prices for each PET sector. Praes calculated agmple unit values
by taking the ratio of total output in monetary values from the original 1-O to the
total physical quantity from the reconstted energy balance for each respective
energy sector. For non-energy sectors, rassie original prices are unitary.

3. Solve the set of linear equations represented in the table by equating value of
output (quantity*price) for each sectontlv the total value of inputs — i.e.,
equating every row sum to the correspoigdcolumn sum. The solution to this
set of equations determines a new set of prices for each sector that rebalances the
table.

4. Create the new re-balanced I-O by mujtipg all quantities with the newly
determined prices derived in the previous step.

Ideally, all final demand components inding imports and exports should be
energy re-balanced as well. However, @xclude imports and exports from the re-
balancing procedure so as to maintain the bilateral trade balances in the GTAP I-O
tables assured through the procedures destiin section 3, whitare required for the
PET model to operate.

The key characteristics of the re-balaxgcprocedure we use are that it ensures
adherence to the energy balances, preseevergy quantities in the base year, and
maintains energy balances as the PET inogerates through time. In addition, the
procedure also has certain other appealiggnties. The rebalaimg we carry out for
the PET model calibration is also designed to enforce the law of one price for each
energy commodity. Finally, as we ntemed above, value added components are
unchanged from the values in the origi@IAP 1-O table and therefore this implies
that the identity between Aggregate Finahfizand and Value Added is also maintained.

5. Disaggregating Household Consumption

The GTAP I-O tables represent househalonsumption as a single column of
expenditures. This column includes s&p@ expenditures on goods produced by each
of the production sectors. However, we amterested in applying the PET model to
questions in which shifts in demand asdlifferent types of goods may be important,
and for that purpose, we requsplitting the single column of expenditures into several
sub-categories of goods so that they magdparately modeled. We do this through the
development of a matrix, which we call the-Matrix” (where “G” stands for goods).

This matrix is used to split the payments that households make to various industries into
multiple columns. In general our aim is to be able to include up to 16 consumption
goods in the model, although curtepplications employ fouA detailed description of
these consumption categories is given in the Appendix (see Table 5; Zigova et al.
forthcoming).

5.1 Basic structure of the G-Matrix
In the current version of the PETodel there are 5 production sectors and 4

consumption categories, “energy”, “food”, ‘tigport” and “other” (basically everything
else), so we use this model configuratioraasllustration of the matrix structure. The
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G-Matrix links the production sectors the consumption categories via a 5x4 Matrix
(Figure 6) that multiplies the consumption auolu in the I-O table (see section 1.A.),
yielding 4 consumption columns repeasing expenditures on four different
consumption good categories. This operatienperformed by a row-wise scalar
multiplication.

Household's G-Matrix
consumption Consumption Categories Consumption Categories
C energy food transp. other energy food transp. other
coal C " coal 81 812 813 814 " coal C1811 | €812 | Ci813 | C181a
. s s
oil + gas >} S oil +gas 8xn 82 82 8 g oil+gas €821 | C2822 | C2823 | €282
1%} 1%]
c c
ref. fuels C3 X o ref fuels 831 832 833 83a = o ref. fuels C383; | €383 | C3833 | C383a
© ©
=} >
electr. Cy 3 electr. 8a1 842 843 8aa 3 electr. Cs8a1 | CaBa2 | CaBaz | Ca8aa
a a
mater. Cs mater. 8s1 8s2 8s3 854 mater. Cs8s1 | Cs8s2 | CsBs3 | CsBsa

Figure 6. lllustration ofise of the G-matrix.

Each row of the G-matrix consists ofasbs that sum to 1.@hich act to divide
the payments by households to a given industry into payments to that industry
associated with each of th#isaggregated goods. Th#ructure ensures that the
resulting expenditures on tlset of disaggregated goods adentical to expenditures
represented by the original single comgption column, in terms of both total
expenditures and payments to particular ittgiess The main sulentive issue is the
derivation of these shares constituting the elements of the matrix in order to represent
expenditures on alternative goasaccurately as possible.

5.2 Deriving elements of the G-matrix

The steps required to derive elementstloé G-matrix depend on the degree of
correspondence between consumption goodspasdiiction sectors. Ideally we could
define the consumption goods in one-t@aorrespondence to the production sectors.
In that case, the G-Matriwould be an Identity-MatriX1s on the diagonal, Os off-
diagonal). For example, assume we ohBve 2 production sectors, “energy” and
“other,” as well as 2 consumption cateigsr “energy” and “other”. The G-Matrix
would look as follows:

energy other

energy I 1 0

other I 0 1

Payments by households for the energy good they consume would be made
entirely to the energgector, and payments for thettier” good would be made entirely
to the “other sector”. Determining thgbods and sectors corresponded exactly would
be done by inspection of the subsectorsudet! in the aggregate “energy” and “other”
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production sectors, and comparing them ®dEfinition of the two consumption goods.
This comparison allows determination whether there is complete correspondence
between a consumption goodthva production sector.

To take a slightly more complicated exale we return to our previous example
of 5 production industries and 4 consumptioct@es as used in the current PET model
version. In that case, the G-matrix wabliave the followingllustrative structure:

energy food transp. other

coal 1 0 0 0
oil + gas 1 0 0 0
ref. fuels 0.9 0 0.1 0
electr. 1 0 0 0
mater. 0f 033 0.33 0.33

Here, the matrix elements that are 1's and O’s are determined in the same way as
above: by examining (in the GTAP data) the sabtors of the five aggregate industries,
and comparing them with the definitions tbe four consumption goods. This allows
one to determine, for example, that all thie output of the coal industry that is
consumed by households is consumed asopshe aggregate energy good (and none of
it as part of the food, transport, or otlgerod). The same also applies for the household
consumption of output of the oil dmyas, and electricity sectors.

In some cases, the correspondence ahdustry to a single good is not exact,
but the correspondence to more than one goatbeed, is. For example, in the case
of the refined fuels sector, @ of the outputs of that &er might be transport fuels
(part of the transport goodand the rest used for othpurposes such as household
heating that are part of the energy good (i tthe GTAP data we are not actually so
fortunate in the case of transport fuels, iberves as a useful hypothetical example).
Such cases can be handled by examitivegdisaggregated sub-sectors making up the
refined fuels industry, separating those tpabtduce transport fuels from those that
produce other fuels, and deng shares for the relevant i@atrix row (0.9 and 0.1 in
the illustration above) based on the paymedmyshouseholds to these sub-sectors.
GTAP 6 disaggregates the economy into 5&potion sectors. In nsb cases this level
of disaggregation providesféigient detail for determining G-matrix elements.

Nonetheless there are cases where the correspondence between industries and
goods is inexact and we need an alternativategy. The most important of these cases
occurs when there is insufficient disaggregn in the available production data to
cleanly divide household payments tan aggregate industry among different
consumption goods. Examples in the GTdda include coal products and petroleum
products, which are part of a single indusivithin GTAP but are part of separate
consumption goods according @ar 16-good configuration. ilarly, transport fuels
are not distinguished in GWP from other fuels.
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In these types of cases we employ onéwaf strategies téurther disaggregate
the GTAP data:

1. Use information from the energy bates (IEA 2008a, IEA 2008b). Since the
IEA data includes more disaggregationsmme cases than the GTAP data, we
use the shares of energy use betweenimduostries as a proxy for the share of
payments to those two industries by hehslds. So, for example, the GTAP
data does not explicitly distinguish featonsumed for transport from other uses
of fuels. We therefore use the shafeenergy consumption for transport as
distinguished in the IEA data in order to split payments for transport fuels from
payment for fuels in general in the GTAP data.

2. Use information from the household surveysdisaggregatedEA data are not
available, we use data from the household expenditure surveys to further
disaggregate the GTAP prodiom data. For example, we use the share of
expenditures on processeaxbll found in the expenditusairveys to estimate the
share of the output of the agriculturséctors in the GTAP data that are
associated with processed food production.

Another type of special case occurs if a production sector is not part of the
definition of any consumption good; e.g. crude oil, other minerals, etc. This is a
reasonable outcome since private households rarely consume products like crude oil but
rather consume refined petroleum productssuch a case, we either ignore this sector
(if household consumption of its output is zero), or assign it to the consumption
category that it is most closely relatedifats household consumption is positive).

6. Discussion

Previously data used to calibrate the PEAdel in its applicatiorfior individual country
case studies came largely from national datarces, including national 1-O tables and
energy balances and statistics. The cdidmaof a new global version of the PET
model, however, requires a consisterit afeproduction accounts and energy quantity
data for all world countries and regions. Datdhis type can of course be constructed
on country-by-country bases from local natib data sources. However, this is an
extremely data intensive and laboriousereise. Therefore, we employ the use of
international data sets, in particulaBTAP data and IEA energy balances, for
calibrating the PET global version. There drewever, some limitations to using such
international data sets, and this reporgents some of the methods developed and
modifications we have undertaken to exteand make the besise of the GTAP
production data and IEA energyl@aces. In future work and developments of the PET
model, however, we still envisage using some national data sources for specific
countries. In particular, we would like take advantage of natial data sources for
large emerging countries, like India and Ghinvhere input-outputables have been
published that are more recent than those employed in the GTAP data.

18



7. References

Dalton, M. and L. Goulder. 2001. An imtemporal general qiilibrium model for
analyzing global interaiwins between population, the environment and
technology: PET model structure andadaUnpublished document. Monterey
Bay, USA: California State University.

(available atcience.csumb.edu/~mdalton/EPA/pet)pdf

Dalton, M., O'Neill, B.C., Prskawetz, A., Jiang, L., and J. Pitkin. 2008. Population
aging and future carbon emissions in the United St&esgy Economics 30:
642—-675, doi:10.1016/j.eneco0.2006.07.002

Dimaranan, B.V (ed). 2006. Global Trad®ssistance, and Production: the GTAP 6
Data BaseWest Lafayette USA: Center for Globallrade Analysis, Purdue
University.

International Energy Agency (IEA). 2008a. EgpeBalances of OECD Countries. Paris,
France: |IEA.

International Energy Agency (IEA). 2008b. étgy Balances of Non-OECD Countries.
Paris, France: IEA

McDougall, R. A. and Lee, H.-L. 2006. An Energy Data Base for GTAP, Chapter 17 in
Dimaranan, B. V. (edilobal Trade, Assistance, and Production: The GTAP 6
Data Base. West Lafayette USA: Center for Globalrade Analysis (GTAP),
Purdue University.

Rutherford, T. and S. Paltsev. 2000. GTAReE)y in GAMS: The Dataset and Static
Model. Working Paper 00-02, Discussion Papers in Economics. Bolder, USA:
University of Colorado.

(available ahttp://www.colorado.edu/Econons/CEA/papers00/wp00-2.9df

Sands, R. D. and A.A. Fawcett. 2005. The Second Generation Model: Data, parameters,
and implementation. Report PNNL-1543College Park, USA: Joint Global
Change Research Institute.

19


http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_locator=url&_cdi=5842&_plusSign=%2B&_targetURL=http%253A%252F%252Fscience.csumb.edu%252F%25257emdalton%252FEPA%252Fpet.pdf
http://dx.doi.org/10.1016/j.eneco.2006.07.002
http://de.wikipedia.org/wiki/West_Lafayette_%28Indiana%29
http://de.wikipedia.org/wiki/West_Lafayette_%28Indiana%29
http://www.colorado.edu/Economics/CEA/papers00/wp00-2.pdf

Appendix:

5 Production sectors 25 Production sectors
1. Coal

=

. Coal

. Biomass

2. Oil and gas . Qil

. Gas

3. Refined fuels . Petroleum products”

. Coal products”

. Methanol”

. Ethanol®

Ol |IN]|JO || WIN

. Syngas’

[EEN
o

. H2*

=
=

4. Electricity . Electricity**

[EEN
N

. Nuclear***
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w

. Renewables***

[EEN
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5. Materials . Forestry
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. Rice

[EEN
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. Other crops
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~N

. Animal products

[EEN
o

. Fish

[ERN
No]

. Other Processed Food

N
o

. Transportation equipment

N
=

. Transportation services

N
N

. Mining

N
w

. Manufacturing

N
SN

. Water

25. Other services

*not available seperately in GTAP, merged to "Petroleum and Coal products
* H2 for transport only

** includes co-generated heat and H2 for industrial use.

*** discarded in GTAP, but accounted for in energy balancing.

Table 1. Composition of produoti sectors in the PET Model
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4 SRES Regions 9 Regions 24 Regions GTAP regions IEA regions Inconsistencies
IEA includes data for American Samoa, Guam,
Puerto Rico & Northern Mariana Islands, Virgin
1. OECD-Countries (OECD) 1. USA (US) 1. USA (US) usa UsA |1slands partially in this region
aut, bel, dnk, fin, fra, deu, Lichtenstein &, Greenland missing; Bermuda and
gbr, gre, irl, ita, lux, nld, prt, Saint Pierre & Miquelon are in OTHERLATIN;
esp, swe, che, xef, cyp, cze, France includes Monaco; Italy includes San
hun, mit, pol, rom, svk, svn, Marino and Vatican; Portugal includes Azores
2. EU27+ 2. EU27+ est, Iva, Itu, bgr, xna EU27 + ICELAND+NORWAY and Madeira; Spain includes Canary Islands
3-Japan (IPN) ipn [APAN
4. 5. Korea (KOR) kor KOREA
5. Hong Kong (HKG) IEkg HONGKONG
6. Canada (CAN) can |cANADA
7. Singapore, Taiwan (ST) sgp, twn SINGAPORE+TAIPEI
3. Other Industrialized Countries (OIC) 8. Australia, New Zealand (ANZ) aus, nzl [AUSTRALI+NZ

2. Reforming Economies (REF)

9. Russia (RUS)

rus

RUSSIA

[ALBANIA+ BOSNIAHERZ+ CROATIA+ ARMENIA+
[AZERBAIJAN+ BELARUS+ GEORGIA+
KAZAKHSTAN+ KYRGYSTAN+ MOLODOVA+
SERBIA+ TAKIKISTAN+ TURKMEINST+ UKRAINE+

4. Transition Countries (TC) 10. Other Transition Countries (OTC) xer, alb, hrv, xsu UZBEKISTAN Andorra, Faroe Islands, missing
3. Asia (ASIA) 5. China (excl. Hong Kong) (CHN 11. China (excl. Hong Kong) (CHN CHINA
6. India (IND) 12. India (IND) INDIA
13. Indonesia (IDN) INDONESIA
14 Vietnam (VNM) [VIETNAM
15. Malaysia & Phillippines (MP) MALAYSIA+PHILIPPINE
16. Turkey (TUR) [TURKEY

17. Middle East and North Africa (MENA)

xme, mar, tun, xnf

MOROCCO+ TUNISIA+ ALGERIA+ EGYPT+ LIBYA+
BAHRAIN+ IRAN+ IRAQ+ ISRAEL+ JORDAN+
KUWAIT+ LEBANON+ OMAN+ QUATAR+
[SAUDIARABI+ SYRIA+ UAE+ YEMEN

Palestinian Territory, Occupied missing

xoc, xea, tha, xse, bgd, Ika,

[THAILAND+ BANGLADESH+ SRILANKA+
[OTHERASIA+ KOREADPR+ MYANMAR+ NEPAL+

Brunei Darussalam, Timor Leste, Marshall Islands,
Nauru, Norfolk Island, Niue, Palau, Tokelau,
Tuvalu, Wallis and Futuna missing. Some Islands

8. Latin America and Carribean (LAC)

7. Other Developing Countries (ODC) 18. Other Developing Countries (ODC) xsa PAKISTAN in xoc are in USA
Ja."Africa and Latin America (ALM) 19. Mexico (MEX) [mex MEXICO
20 Brazil (BRA) bra [BRAZIL

21 Pacific South America (PSA)

per, xap, chl

PERU+ CHILE+ BOLIVIA+ ECUADOR

22. Other LAC (OLAC)

col, ven, arg, ury, xsm, xca,

[COLUMBIA+ VENEZUELA+ ARGENTINA+
URUGUAY+ OTHERLATIN+ COSTARICA+ CUBA+
[DOMINICANR+ ELSALVADOR+ GUATEMALA+
HAITI+ HONDURAS+ JAMAICA+ NANTILLES+
INICARAGUA+ PANAMA+ PARAGUAY+ TRINIDAD

9. Sub-Saharan Africa (SSA)

23 South Africa (SA)

xfa, xcb
ot

[SOUTHAFRIC

Ariguilla missing; OTHERLATIN includes Bermuda
and st Pierre et Miquelon; US Virgin Islands and
Puerto Rico are included in USA

24. Rest of Sub-Saharan Africa (OSSA)

bwa, xsc, mwi, moz, tza, zmb,
2we, xsd, mdg, uga, xss

[ANGOLA+ BOTSWANA+ MOZAMBIQUE+
ITANZANIA+ ZAMBIA+ ZIMBABWE+
[OTHERAFRIC+ BENIN+ CAMEROON+ CONGO+
[CONGOREP+ ERITREA+ ETHIOPIA+ GABON+
[GHANA+ KENYA+ NIGERIA+ SENEGAL+ SUDAN

Cote d'Ivoire, Mayotte, Saint Helena, Togo
missing

Table 2. Composition of regions in the PET model
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PET Energy Sectors  IEA Energy Commodities

1. Coal Hard coal

Brown coal

Anthracite

Coking coal

Other bituminous coal
Sub-bituminous coal
Lignite/brown coal

Peat

Patent fuel

Primary solid biomass

Charcoal

2. Oil and gas Crude oil

Natural gas liquids
Additives/blending components
Other hydrocarbons

Natural gas

Industrial waste

Municipal waste (renew)
Municipal waste (non-renew)
Biogas

3. Refined fuels Coke oven coke and lignite coke
Gas coke

Coal tar

Coke oven gas

Refinery feedstocks

Refinery gas

Ethane

Liquefied petroleum gases (LPG)
Motor gasoline

Aviation gasoline

Gasoline type jet fuel

Kerosene type jet fuel

Kerosene

Gas/diesel oil

Heavy fuel oil

Naphtha

White spirit & SBP

Lubricants

Bitumen

Paraffin waxes

Petroleum coke

Non-specified petroleum products
BKB/peat briquettes

Gas works gas

Blast furnace gas

Oxygen steel furnace gas
Biogasoline

Biodiesels

Other liquid biofuels
Non-specified combust. renewables + wastes
4. Electricity Elec/heat output from non-spec. manuf. gases
Electricity

Heat

Heat output from non-specified comb fuels
Nuclear

Hydro

Geothermal

Solar photovoltaics

Solar thermal

Tide, wave and ocean

Wind

Other renewable electricity sources

Table 3. Correspondence between IEA and aggregate PET energy commodities
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IEA EEB ENERGY FLOWS CLASSIFICATION

GTAP EDS CLASSIFICATION

PET CLASSIFICATION

Production Production Production
Imports Imports Imports
Exports Exports Exports
International marine bunkers Exports Exports
Stock changes Discarded Discarded
Total primary energy supply TPES TPES

Transfers

If positive added to TPES of
respective energy commodity, if
negative added to REF

If positive added to TPES of respective
energy commodity, if negative added to
REF

Statistical differences Discarded Discarded
Transformation sector SUBTOTAL SUBTOTAL
Main activity producer electricity plants ELY ELY
Autoproducer electricity plants ELY ELY
Main activity producer CHP plants ELY ELY
Autoproducer CHP plants ELY ELY
Main activity producer heat plants ELY ELY
Autoproducer heat plants ELY ELY
Heat pumps ELY ELY
Electric boilers ELY ELY
Chemical heat for electricity production ELY ELY
Blast furnaces REF REF
Gas works GAS REF
Coke ovens REF REF
Patent fuel plants REF REF
BKB plants REF REF
Petroleum refineries REF REF
Petrochemical industry REF REF
Coal liguefaction plants REF REF
Gas-to-liquids (GTL) plants REF REF
For blended natural gas REF REF
Charcoal production plants Discarded COAL

Non-specified (transformation)

Add to own consumption of
respective energy commodity

Add to own consumption of respective
energy commodity

Energy sector

SUBTOTAL

SUBTOTAL

Coal mines

COAL

COAL

Oil and gas extraction

Split between OIL&GAS in
proportion of total production

Split between OIL&GAS in proportion of
total production

Blast furnaces REF REF
Gas works GAS REF
Gasification plants for biogas Discarded GAS
Coke ovens REF REF
Patent fuel plants REF REF
BKB plants REF REF
Petroleum refineries REF REF
Coal liquefaction plants REF REF
Liquefaction (LNG)/regasification plants REF REF
Gas-to-liquids (GTL) plants REF REF
Own use in electricity, CHP and heat plants ELY ELY
Used for pumped storage ELY ELY
Nuclear industry Discarded ELY
Charcoal production plants Discarded COAL

Non-specified (energy)

Add to own consumption of
respective energy commodity

Add to own consumption of respective
energy commodity

Distribution losses

Add to own consumption of
respective energy commodity

Add to own consumption of respective
energy commodity

Total final consumption SUBTOTAL SUBTOTAL
Industry sector SUBTOTAL SUBTOTAL
Iron and steel Iron&Steel Iron&Steel

Chemical and petrochemical

Chemical and petrochemical

Chemical and petrochemical

Non-ferrous metals

Non-ferrous metals

Non-ferrous metals

Non-metallic minerals

Non-metallic minerals

Non-metallic minerals

Transport equipment

Transport equipment

Transport equipment

Machinery

Machinery

Machinery

Mining and quarrying

Mining and quarrying

Mining and quarrying

Food and Tobacco

Food and Tobacco

Food and Tobacco

Paper, pulp and print

Paper, pulp and print

Paper, pulp and print

Wood and wood products

'Wood and wood products

Wood and wood products

Construction

Construction

Construction

Textile and leather

Textile and leather

Textile and leather

Non-specified (industry)

Non-specified (industry)

Non-specified (industry)

Transport sector

SUBTOTAL

SUBTOTAL

International aviation

Transport services

Transport services

Domestic aviation

Transport services

Transport services

Road

Rail

Pipeline transport

World marine bunkers
Domestic navigation
Non-specified (transport)

Part retained in Transport services,
and part shifted to Residential

Part retained in Transport services, and
part shifted to Residential**

Transport services

Transport services

Transport services

Transport services

Transport services

Transport services

Transport services

Transport services

Transport services

Transport services

Other sectors SUBTOTAL SUBTOTAL
Residential C C

Commercial and public services Services Services
Agriculture/forestry Agriculture/forestry Agriculture/forestry
Fishing Fishing Fishing
Non-specified (other) Services Services
Non-energy use SUBTOTAL SUBTOTAL

Non-energy use industry/transformation/energy
Non-energy use in transport
Non-energy use in other sectors

Non-specified (industry)

Non-specified (industry)

Transport services

Transport services

Services

Services

Note** We apportion the amount of flows of Motor gasolene and Gas/Diesel oil to the ROAD sector between Transport Services and
Residential sector using shares calculated from the GTAP tables of private consumption of transport equipment to that of the total of
private and commercial (intermediate sector ) consumption

Table 4. Correspondence between GTAP, IEA and PET energy commodities
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4 Consumption sectors 16 Consumption sectors

=

1. Energy . Electricity
Gas
. Petroleum products

. Coal

. Coal products
. Biomass

2. Food . Rice

. Other crops

. Meat and dairy
10. Fish

11. Processed food

3. Transportation 12. Transport fuels
13. Transport equipment

14. Transport services
4. Other 15. Other Services
16. Other Goods

Table 5. Composition of consumption sectors in the PET Model
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