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MODELLING APPROACHES TO COST ESTIMATION -
Political relevance

Table §: Compliance Costs — EU27 - 2020
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MODELLING APPROACHES TO COST ESTIMATION - The

Effort on economies imposed by

climate change, 4 components:

v

>

Total Climate Change Bill

Mitigation (M),
Proactive Ada ptatio n (PA) Figure 1: Growth over time in the laisser faire BAU cases wio CC [S1] and w/ CC [$2], with
Reactive Adaptation (RA) reactive adaptation only [$3], and with the full portfolio of action (reactive adaptation,
icipative adaptation and mitigation) [S4]
Remaining Ultimate Damages (UD) .
- Gbp %SPL'NO b 841
The correct counterfactual scenario . f’if’s"i o RUD+RA+PA+
to measure (gross) costs is a BAU Chimte chings” ﬁ}lpu,ﬁ”f
i action, bot}

in the presence of climate change,
i.e. no action is taken and full
‘ultimate damages’ are incurred
Difficult to estimate size/timing of

damages, but even evaluating IS U anl
(gross) costs/benefits of actions e prssncsof clina
separately may be misleading, they ¢

are not independent

Most analysis, only Mitigation Costs

cariy and late

[s3]
RUD+RA:
Only late
action

Source: Lecog, Shalizi, World Bank 2007




MODELLING APPROACHES TO (MITIGATION) COST
ESTIMATION - Modelling Energy/Economy interactions

o Ideal energy-environment policy
model:

Figure 1. Three-dimensional Assessment of Energy-economy Models

- technologically explicit,
- behaviorally realistic,
— macroeconomic feedbacks

e Hybrid models: B-U or T-D that
have made at least one
modification that shifts them

away from their conventional
placement

e Reasons for moving toward
hybrid from a B-U perspective Source: Hourcade et al,, Energy Journal, 2006

TOWARDS HYBRID FROM A B-U PERSPECTIVE - Partial
equilibrium: Markal-ED, Primes

Energy related system costs

e In MRK-ED Total Costs = Investments +
Net import + Other (including welfare loss)

e Total compliance cost NOT net loss in

GDP, but the incremental cost that the price
rest of the economic system would be
required to pay in order to comply with the ' s Sy G
targets (1st order approximation of ‘
economic costs) e

e Mitigation and Proactive Adaptation likely e
to result in a reallocation of

expenditures towards less carbon- R

Quantity

intensive technologies/sectors

e In neoclassical growth models additional
expenditures have limited impact on long-
term economic growth, apart from
implications for transitional growth (+)




TOWARDS HYBRID FROM A B-U PERSPECTIVE — General
equilibrium B-U: Markal-Macro

Even with a succint representation
of the economy-wide perspective 2
transfer of the total compliance cost
to the rest of the economic system

ENERGY COST

Re-adjustment of the economy 2
estimation of the overall

PRODUCTION g CONSUMPTION

economic cost of a policy . e i

L MARKAL - — ey N ACRG!
package, expressed by the change : MACRO
of GDP and of its main :
components (C, I, EC) LamoR | NeY cAPITAL

IPCC 4AR on economic impact of

stabilization policies (+)
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USE OF MARKAL-ITALY TO SUPPORT POLICYMAKERS

Developed to evaluate GHG emissions reduction potential and costs, it has
been used to evaluate mitigation policies in the 1st/2nd NC to UNFCCC, to
assess effectiveness and impact of different carbon tax schemes, to set up
reference scenarios for the National Conference on Energy-Environment
In recent years, widely used to support policymakers:
- Analysis of EU package 20/20/20 for the Italian government (as
support to negotiations for EU burden sharing)
— Periodical elaboration of scenarios for the Ministry of Economic
Development
- Reference and Alternative scenario of the 4° NC to UNFCCC
- Energy input scenario to be used by Rains model at IIASA for National
Emission Ceiling directive update and CAFE program
National detail for IEA ETP 2008
Annual ENEA Report on Energy and the Environment (plus contribution to
several other ENEA publications)
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MEDIUM-TERM GOALS - EU ENERGY POLICY

In March 2007, the European Council approved an ambitious climate change
and energy package to build a low carbon economy in Europe, confirmed
in December 2008. EU as a whole must:

- cut GHG emissions by 30% by 2020 (wrt 1990) in the context of a
global international agreement; and make a firm independent
commitment to cut GHG by at least 20% by 2020

- implement the EU’s energy efficiency action plan as the means of
reducing the EU’s energy consumption by 20% by 2020

- reach a binding target of a 20% share of renewable energies in overall
EU consumption by 2020, and a 10% minimum binding target for the
use of biofuels

e EU Commission: European firms must gain the leadership in the rapidly
growing sector of low carbon technologies, because otherwise there is the
risk to that “others will benefit of the transition to a low carbon economy”
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LONG-TERM GOALS — IPCC ASSESSMENT / G8

e Leaders of G8 have stated
(Heiligendamm) that they will
“seriously consider” a 50% CO2
emissions reduction target b -
5050 M o | mow | oo | e

e IPCC has concluded that a 50 to Fer - |tpemeozea)) pemeaz “
80% reduction of global CO2
emissions by 2050 (wrt to
2000), can limit long term global 2428 | A0S | 400440 0to-30
mean temperature rise to less 2832 | 535590 | 440485 3010 45
than 2 degrees Celsius. Higher

. . 3.2-4.0 590-710 485-570 +10 to +60
emission levels & more

e Economic impacts of a 2 . )
degrees scenario are limited (<- h

5.5% of GDP; 295% growth
instead of 300% growth
between now and 2050) 12

= 3
IPCC 4th Assessment Report and ETP

2024 445-490 350-400 -85t0 -50




SCENARIO ANALYSIS

Current legisiation, mid-term rmacroecororiic tend coherent with official
government projecions, demografic trend coherent with the projections
produced by the Nationa! Insitute of Statistics (ISTAT), enargy prices coherent
with IEA-ETEP2008

REFERENCE

Same medivm-term set of efficlency measures Included in the Energy Efficiency
Action Plan (EEAP), with effects externded yp to 2020 and beyond.,

Extension of the green electricity purchase obligation, increasing up o 2020,
and (decreasing) subsidization of RES continuing in long-term, Support to the
use of biofuels in traspor iz don.

CO2 reduction incentives tn encourage the adoption of low-carbon techrologies:
policies and measures are assumed to be put In place that would lead to the
adoption of fow-carbon technologies with a cost of up to 30€fon dif CO2 (fike in
EFP 2008 - ACT). But limited deployment of reduction potential from “erargy
saving " options (e, through reductions of energy service demands)

ACT

In medivm-term, scenario exploring the potential contribution of different
technological options & reach the EU 20-20-20 targets and its irmpact on ftaly.
BLUE In long-term, same philosophy of etn BLUE

Scenario ACT with the increase of COZ2 reduction incentives up fo 75€/%on by
2020 and 150 ton by 2030 and beyond.

Significant deployrent of reduction potential from “energy saving ” options.

Scenatio exploring the “trade-off” between strict achieverment of medium/dong
ACT+ orm objectives and the Increase of systern cost: similar fo ACT wp to 2020,
same COZ reduction incentives as scenario BLUE in 2040
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COMPLIANCE WITH MEDIUM-TERM OBJECTIVES

25%
20% 4 DRiferimento WACT+ O BLUE‘

15%

10% T
5% - 4‘—‘
0%

5% 1

-10%
-15%

-20% L

-25%

Riduzione Biocombustibili Quota Riduzione CO2  Riduzione CO2
consumi di nei trasporti rinnovabili sui nei settori ETS  nei settori non-
energia primaria consumi finali di ETS
energia
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COMPLIANCE WITH LONG-TERM OBJECTIVES

600
OACT
-
550 1 OACT+
H BLUE
500 - Emissioni di CO2 nel 2005: 493 Mt
,#
450 ———
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£ 400 -
350 ~
300 A
ioni di CO2 nello scenario ACT+: 262 Mt
250 ~
200 T T

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
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MAIN RESULTS OF THE SCENARIO ANALYSIS (1) -
Optimal timing of emission reductions
Scenario ACT+:
e Wrt to EU objectives 500 N 2.0%
- CO2 reduction only slightly 400 e -
lower than requested (-11% 300 - )
non-ETS sectors) 200 4 —+ = FL0%
- RES target reached (>17%) 100 {4 S r05%

e Wrt long-term objectives
- Only a few percent lower
reduction than in BLUE (-40%
in 2040 wrt to 2005)
e Wrt economic costs

- Increase in energy system
costs similar to EU estimation
for the whole EU-25 (PRIMES)
= 0.4% of GDP

Riduzione emissioni di CO2 (/C0O2)

= Var. CO2 scen. ACT+ (scala sin)
I Var. CO2 scen. BLUE (scala sin)

T 0.0%

T -0.5%

r-1.0%

costo sistema energetico (% del PIL)

T -15% 5

—+~Var. Costi scen. ACT+ (scala dx)
—a-Var Costi scen. BLUE (scala dx)

2012 2016 2020 2024 2028 2032 2036 2040

-2.0%

One of the major findings in the economics of climate change has been that efficient or “optimal” economic policies to

slow climate change involve modest rates of emissions reductions in the near term followed by sharp reductions in
the medium and long term. We might call this the climate-policy ramp, in which policies to slow global warming

Increasingly tighten or ramp up over time. The exact mix and timing of emissions reductions depends upon details of
costs damages and the extent to which climate change and damages are irreversible (W. Nordhaus 2007).




MAIN RESULTS OF THE SCENARIO ANALYSIS (2) - Role
of technologies

600
550 @ Shift modale nei trasporti
W Efficienza tecnologie di trasporto
O Efficienza settore industriale
500 - O Efficienza settore terziario
W Efficienza settore residenziale
[ Efficienza settore elettrico
o~
g 4501 B Elettricita da rinnovabili
= occs
= )
W Solare termico
400 1 [ Calore da rinnovabili
O Biocombustibili
350 - W Elettricita da solare (PV/CSP)
O Idrogeno
Daltre misure
300 - [ Riduzione domanda di servizi energetici
e No sector/technology with dominant role

e “Energy efficiency measures more than half of total reduction in medium-
term, ‘less'than 30% in‘longer-term

e CCS and PV the more intersting technologies, wrt both the potential
environmental benefits and as opportunity for the national economy

Modelling approaches to cost estimation
2. A scenario analysis of climate policies for Italy
3. Cost estimations
e Impact on the energy system
e Impact on the economy

4. A further step toward better cost estimations: soft-linking
Markal with SAM / CGE
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IMPACT ON THE ENERGY SYSTEM

: DIRECT ENERGY SYSTEM

COSTS (MARKAL-ED) - SCENARIO ACT+

2008-
2020

(min €) 2020 2030 2040

Change in energy system direct costs (wrt to Base,

Change Investments in energy
technologies

3.4% 2.5% 0.1%

84,766 5.3% 7.5%  -5.3%

Change Energy Imports -31,592 -8.7% -11.4% -14.4%
Change Other Operating expenditure 36,873 3.2% 5.3% 6.5%

Change Direct Energy system costs (% of GDP) 0.45%  0.0%

Carbon price (€/ton CO2) 85

27 1

MMARY ENERGY BALANCE AND INDICATORS (B) Italy: EC proposal without RES trading
1990 2000 2005 2015 2020 2030 2015 2020 2030 2015 2020 2030
Difference from Baseiine. & Change from Baseline
iftain Encrgy System indicators.
Population (Million) 56694 56929 58462 58630 58300 57071 0.000 0.000 0.000 0o 0o 0.0
‘GDP (in 000 M€D5) nr271 13729 14172 17046 18643 21680 00 00 00 0o 0o 0.0
Gross Inl. Cons./GDP (toe/MEDS) 1305 1257 1318 1077 993 884 58 193 184 128 163 172
‘Carbon intensity (t of COx/toe of GIC) 253 244 241 220 205 195 -0.16 029 -036 70 -124 -157
Import Dependency % 848 873 844 819 810 788 -32 49 66
Total Energy-related Costs " (in 000 M€05) 1362 1461 2041 2311 2631 149 207 285 78 98 122
as % of GDP 99 103 120 4 121 09 11 13
Total Compliance Costs ™ (in 000 MED5) 291
as % of GDP' 134

IMPACT ON THE ENERGY SYSTEM:

DIRECT ENERGY SYSTEM

COSTS (MARKAL) - SCENARIO ACT+

2008-

2020

(min €) 2020 2030 2040

Change in energy system direct costs (wrt to Base) 0.8% 0.1% -1.8%

Change Investments in energy technologies
Change Energy Imports
Change Other Operating expenditure

Change Direct Energy system costs (% of GDP)

Carbon price (€/ton C02)

112,238 9.8% 11.7% 0.2%
-24,634  -6.4%  -6.1%  -5.7%
-51,229  -3.9% -4.0% -2.1%

0.13% 0.11% -0.21%

22 2 -20

20
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IMPACT ON THE ENERGY/ECONOMY SYSTEM: ECONOMY WIDE
COST (MARKAL-MACRO) — SCENARIO ACT+

2020 2030 2040
% GDP % GDP % GDP

GDP Change (min €) -29,415 -55,678

GDP Change (%) -0.28%  -1.25% -2.17%

Change in Consumption (%) -0.23% -1.29% -2.10%
Change in Investment (%) -0.55% -0.97% -2.57%

Change in Energy Costs (%) -0.02% 4.69% 9.37% 60,000 ¢

Correlation GDP change / change in Energy Costs = -0.99

40,000

20,000

min €

20,000

40,000

60,000 BGDP Change |

mChange in Energy Costs

80,000 -
2012 2016 2020 2024 2028 2032 2036 2040 2044 2048

ENERGY SYSTEM ADJUSTMENT IN MARKAL-ED AND MARKAL-
MACRO — SCENARIO ACT+

MARKAL-ED MARKAL-MACRO
Shadow prices 2020 2030 2040 Shadow prices 2020 2030 2040
Agricolture 66.4% 221.6%  310.6% Agricolture 65.6% 198.3%  186.3%
Industry 2.8% 16.0% 19.0% Industry 1.3% 17.0% 20.8%
Service 2.1% 4.9% 10.8% Service 0.8% 3.2% 13.8%
Residential -3.8% 0.6% 0.2% Residential -3.1% 3.7% 1.3%
Electric uses -7.8% 2% -2.9% Electric uses -5.9% 0% -0.3%
Thermic uses 6.9% 9% 8.2% Thermic uses 4.5% 12% 5.5%
Transport 6.4% 4.0% 12.2% Transport 5.3% 1.1% 9.5%
Passengers 7.2% 6% 5.6% Passengers 5.6% 5% 0.3%
freight 5.4% 2% 20.8% freight 4.9% -4% 21.9%
Service demands 2020 2030 2040 Service demands 2020 2030 2040
Agricolture -5.9% -111%  -22.2% Agricolture -17.6% -30.0% -33.3%
Industry -2.6% -9.7% -11.8% Industry -0.7% -5.5% -7.3%
Service -0.9% -3.4% -6.4% Service -2.5% -2.4% -4.8%
Residential 20.2% -0.9% -0.6% Residential 1.0% -0.9% -0.4%
Electric uses 0% 0% 0% Electric uses 2% 0% 0%
Thermic uses -2% -3% -3% Thermic uses -3% -4% -3%
Transport -2.3% 2.7% -5.6% Transport -1.9% -0.5% -2.4%
Passengers -2% -3% -3% Passengers -2% -2% 1%
freight -3% -1% -9% freight -2% 1% 7%

22
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Reference Scenario

ENERGY SYSTEM ADJUSTMENT IN MARKAL-ED

0%
1.0%
o B m -
0% Scenario ACTPlus
2.0%
WCO2 emissions T
2.0% +——  Bpopulation —t
Dgdplpop = economic growth 1.09
Denergy services/gdp = structural effect 0%
Wtfeslenergy services = intensity effect
o 1| [
-3.0% Mipesitfes = efficiency in transformation
Wiossi fuelsitpes = % of RES on PE. 0.0%
OCO2Aossil fuels = carbon intensity FF
40% -
0 | |
2004-2020 2020-204¢ -1.0% —
WCO2 emissions
22.0% —  ®@popuiation
Dgdplpop = economic growth
Dlenergy servicesigdp = structural effect
Mtfes/energy services = intensity effect
o |
-3.0% Htpesitfes = efficiency in transformation
Wfossil fuelsitpes = % of RES on PE
D CO2Afossil fuels = carbon intensity FF
4.0%
2004-2020 2020-2040
Reference Scenario
2.0% — —
1.0%
ooy | M -
Scenario ACTPlus
o -
1.0% 20%
WCO2 emissions.
o
-2.0% 1 Epopulation 1.0%
Dgdplpop = economic growth
Dlenergy senviceslgdp = structural effect
3.0% - Wtfeslenergy services = intensity effect 0.0%
a Wtpesitfes = efficiency in transformation
Wfossil fuelsitpes = % of RES on PE
[CO2Mossili fuels = carbon intensity FF
4.0% -
40% t
2004-2020 2020-2040 L .J
WCO2 emissions
2.0% popuation
Dgdplpop = econoic growth
Denergy services/gdp = structural effect
Wtfeslenergy services = intensity effect
0/ |
-30 /u Btpesitfes = efficiency in transformation
Wfossil fuelsitpes = % of RES on PE
[1CO2ffossili fuels = carbon intensity FF
40%

2004-2020

2020-2040
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Source: IFA, 2004

1. Modelling approaches to cost estimation
A scenario analysis of energy-environmental objectives for italy
3. Cost estimations of environmental goals
¢ Impact on the energy system
¢ Impact on the economy
4, A further step toward better cost estimations: soft-link ing Markal
with SAM / CGE
25
WHY FURTHER STEPS TOWARD BETTER COST
ESTIMATIONS (1)
Fossil Fuel Prices in Real Terms
1. Impacts of energy price il :
signals on the rest of the Q:EZ i - i
economy in very aggregate ol b _ : e
way. No impact on: 5 200 o
e non energy goods prices g‘s" ’\/\-/ Ehtshspe
e sectoral growth % &l prr
¢ distributional issues: 2 P P PR A PP AR ‘&p e
labor / capital costs Changes in TEC, GDP,
Energy Service Demand and Intensities, IEA-11
2. Elephant and Rabbit stew N
assumption: still valid with ol =
ambitious long-term Ll
objectives? Eoul -
g Energy Services
Il gr;;gy Services/
% | TRUGDP
I | |
< gy Intersity Effect
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WHY FURTHER STEPS TOWARD BETTER COST
ESTIMATIONS (2)

Those associated to sustainbility
strategy are “net costs"?

Manufacturing Energy Intensity Adjusted for Structural Changes

S\

110%

H

100%
F
2

= If mitigation strategies
imply adjustments of the
whole economic system
(far from “marginal”):
can they stimulate
innovative changes of

3

]

5

]

1973 structure adjusted intensity

3

\\ us
— EACT]

s EURS
Japan

social/economic systems
that make crisis/policies
a mechanism of
economic dynamics?

B

210%

B e
A g
AR

&
&
o

& PSP PP

Manufacturing Output, Shares of Manufacturing in GDP
and of Raw Materials in Manufacturing Output, IEA-11

= Cost of sustainability is in
fact an investment cost:
significant adjustment
costs, but ultimate
extensive and positive
changes of the economic
systems

1500 [

1000

1700 [

150 -

1300 -

Mantfacturing valus-added, 1573:
Z

gl o
&

— Manufacturing Cutpat
p— = ials Share of Manufactuiing Qutput
Manufacturing Share of GDP

Source: IEA, 2004

A FURTHER STEP: SOFT-LINKING MARKAL/TIMES WITH

SAM

e A “snapshot” of the economy in the
base year: the production side is
aggregated into a set of sectors,
each of which usually produces a
single good

e Row: amount of good produced
must be sufficient to serve the sumr
of demands from other producing i
sectors plus the final demands of ¢

Industries Final Demands Row

—— —

1 ... n Cons. Inv. Govt Exp. Imp.

X G

G, I, C, net EXP :

e Column: the amount of the good Factors f
produced by an industry is just !
exhausted in the payments to its
inputs, plus taxes

e X is the technology in use in the
benchmark year & amounts of
various inputs applied to produce
a unit of each sector's output
(Leontief-type representation at
sector level)

Column Total

n

Labor

Capital v

Resources Vr

NetTaxes [ [ 7 |
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A FURTHER STEP: SOFT-LINKING MARKAL/TIMES WITH

SAM

e Consistent/harmonised

framework to analyse Aoaquistintermeai
. 100% aee
sectoral macroeconomic o = —
. 4 14.41% .
effects (growth, jobs o
creation, invest./cons. o 220y i
path, distributional o
issues) of technological o
changes in the energy o
sector o
e Tool kit enabling end-user| **
to routinize analysis: % ‘ ‘
16.47%

- output of MRK-It as e i
inqu fo_r SAM, to o - s
modify its structure s TR

. O Agricoltura B Industria in senso stretio

- extension of SAM to BEoke  prodo dlla rafinazone delpevoo Bson

better fit technological | orewoemono

detail of MRK-It
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A FURTHER STEP: SOFT-LINKING MARKAL/TIMES WITH

CGE

Neoclassical growth models:

e Mitigation policies generate expenditures,
which are usually modeled by adding a
drawdown Dt on the consumption side of
the output-expenditure balance

e Temporary changes in expenditures, or
permanent but independent of the level of

growth, apart from implications for
transitional growth

e Changes proportional to output, i.e.
amounting to a loss of global productivity of
the economy, affect both the transition to
and the composition of the steady-state
growth path.

production, do not affect the steady-state \

NW=Ade FIEGL) =G+ 4

Eep=(I-n)Ea+ I

Ly =L (1 —g}(

Yy =FK.L) = C~I+D,

=0, L) = CHl;

Source: Lecog, Shalizi, World Bank 2007
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SUMMARY

Modelling approaches to cost estimation: reason for a bottom-
up perspective

Pros of a bottom-up/hybrid approach

o Mitigation cost estimations for Italy: different perspective
of Mrk-Ed and M-M, similar results

Cons of a bottom-up/hybrid approach
> Need for further steps: current research activities
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Thanks

(francesco.gracceva@casaccia.enea.it)
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