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OverviewOverview

nKEEI Model
− Long-term energy demand and GHG

emission forecasting

nEFOM-ENV Model
− Optimization of energy system with

respect to constraints
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Use of KEEI ModelUse of KEEI Model

St r uct ur e of  KEEI  ModelSt r uct ur e of  KEEI  Model

Basic PremisesBasic Premises
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Fr ame wor k of  Mode lFr ame wor k of  Mode l

n Or i gi n of  Model  :  MEDEE,  LEAP

n Di saggr egat e  appr oaches

-  Each sect or  di v i ded i nt o sever a l  subsect or s  or

ac t i v i t i es

-  Est i mat e  f i nal  ener gy,  not  usef ul  ener gy

-  Ener gy demand = Act i v i t y X Ener gy I nt ensi t y

-  Ener gy t r ansf or ma t i on :  e l ec t r i c i t y ,  di st r i c t

heat i ng & Towngas di st r i but i on

I ndust r i a l  Sec t or  ( 1 )I ndust r i a l  Sec t or  ( 1 )

Ene r gy Ene r gy 

I nt ensi t yI nt ensi t yExoExo ..
Var i abl e sVar i abl e s

  
  GDP,  GDP,  

 E- Pr i c e ,   E- Pr i c e ,  
 R&D… R&D… Sha r e  bySha r e  by

Sour c eSour c e

Fi na lFi na l

Ene r gyEne r gy

De mandDe mand

Savi ng Opt i onsSavi ng Opt i ons



                                                                Appendix B- 4

I ndust r i a l  Sect or  ( 2 )I ndust r i a l  Sect or  ( 2 )

Int Int = = f [ VA (GDP) , EPI (Electricity PI), f [ VA (GDP) , EPI (Electricity PI), IntInt-1-1  ]  ]

•  El ec t r i c i t y ,  non- e l ec t r i c i t y

•  3  Ener gy- i nt ensi ve  i ndust r i es  :  I nt ensi t y  pe
r  pr oduct

      ( Pet r ochemi ca l ,  I r on & St ee l ,  Cement )

•  Ot her  i ndust r i es  :  I nt ensi t y  per  va l ue Added

I ndust r i a l  Sect or  ( 3 )I ndust r i a l  Sect or  ( 3 )

                             Qt,i (1 + ai Pgr t+1,i )
 E. Share t+1,i =
                                      Σ { Qt,i  (1 + ai  Pgr t+1,i ) }

•  a i   :  Ener gy pr i ce  e l as t i c i t y

• Pgr i  :  Changi ng r a t e of  ener g
y pr i ce

• i  :  coal ,  oi l ,  gas
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Tr anspor t a t i on Sect or ( 1 )Tr anspor t a t i on Sect or ( 1 )

• Bas i c Equat i on
   Dt r  =  ??( Vi x  I i x  ββij)
            i    j

       Dt r   = Ener gy demand i n t r anspor t a t i on se
c t or

          Vi     = Tr anspor t a t i on vol ume
        I i    =  Ener gy I nt ensi t y
        ββi j   =  Fuel  shar e   ( ? ββi j   =  1  )

• Est i ma t i on
– Tr a f f i c  vol ume :  GDP e l as t i c i t y ,  past  t r en

d
– Ener gy i nt ensi t y  :  past  t r end,  ot her  count

r i es ’ case

– Fuel  mi x  :  sur vey  r esul t s ,  new f uel s

Tr anspor t a t i on Sect or  ( 2 )Tr anspor t a t i on Sect or  ( 2 )

• Passenger  t r anspor t a t i on ( 10  subsect
or s)

– Uni t  :  pass. - km,  ener gy/ pass. - km

– Road :  5  subsect or s  by mode

• Vehi c l e  s t ock,  pass. / vehi cl e ,  mi l eage

– Non- r oad :  5  subsect or s  by mode

• Fr e i ght  t r anspor t a t i on ( 6  subsect or s)

– Uni t  :  t on- km,  ener gy/ t on- km

– Road :  2  subsect or s  by owner shi p

– Non- r oad :  4  subsect or s  by mode
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Resi dent i a l  Sect or  ( 1 )Resi dent i a l  Sect or  ( 1 )

• Bas i c equat i on

      R =   ΣΣ ΣΣ ( N × Ui × ββij )
                                  i       j

– R :  r e s i dent i a l  ener gy demand

– N :  number  of  househol ds

–  i  :  use  ( heat i ng & hot  wat er ,  cool i ng,

cooki ng,  l i ght i ng,  e l e c t r i c  appl i ances)

–  j  :  ener gy t ype

– Ui  :  ener gy per  househol d f or  use i

– ββi j  :  ener gy  shar e  f or  use  i  ( ΣΣj  ββi j  =  1 )

Resi dent i a l  Sect or  ( 2 )Resi dent i a l  Sect or  ( 2 )

• El ect r i c appl i ances :  9  t ypes

– St ock :  es t i mat i on usi ng Comper t z  cur ve

• Ener gy i nt ensi t y ( per  househol d)

– Heat i ng/ cooki ng :  est i mat e by r egr ess i on

   usi ng househol d i ncome ,  number  of  per so
ns

– El ect r i c i t y  :  r e l a t ed t o house space

• Fuel  shar e

– Heat i ng :  t owngas,  di s t r i c t  heat i ng,  sol
a r  est i ma t ed;  heat i ng oi l  as  r es i dual

– cooki ng :  t owngas,  LPG as r es i dual
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Comme r c i a l  Se c t or  ( 1 )Comme r c i a l  Se c t or  ( 1 )

∑ ∑ ∑ ××=
k l m

klmklkc ISD )( β

–  Dc:  e n e r gy  demand i n r e s i dent i a l  & ot he r

s e c t or

–  Sk  :  bui l d i ng  space  o f  s u b s e c t or  k

–  I k l  :  e n e r gy  i nt e n s i t y   of  u s e  l

–  ββk l m:  f ue l  s h a r e  ( ΣΣm ββk l m = 1 )

•  Br eakdown :  6  subsec t or s ,  5  u s e s

•  Ba s i c Equat i on

Commer ci a l  Sect or  ( 2 )Commer ci a l  Sect or  ( 2 )

• Bui l di ng Space

– Est i mat e by GDP e l ast i c i t y,  r ef er  t o Japan
case

• Ener gy i nt ensi t y

                   I i  =  I 9 5   x ( 1  -  e i )  x  ( 1  + g i )

− I i  :  ener gy i nt ensi t y per  m2

− e i  :  ener gy ef f i c i ency i mpr ovement  f act or

− g i  :  i ncome ef f ect

• Fuel  shar e :  suppl y pl an,  past  t r end
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• GDP & Popul at i on

1995 2000 2010 2020

G D P 377.3 461.1 783.9 1 ,160.3

AAG R 6.4% 5.4% 4.0%

P o p u la tio n 45.1 47.3 50.6 52.4

AAG R 0.9% 0.5% 0.2%

Basi c Pr emi seBasi c Pr emi se

– Uni t
• GDP :  t r i l l i on won i n  1995  p r i c e
• Popul a t i on :  t housand per sons

Ener gy Demand I ndi cat or sEner gy Demand I ndi cat or s

GDP T won 377.3 461.1 783.9 1,160.3

Primary Energy M TOE 150.9 191.1 271.2 332.2

Per capita Energy TOE 3.35 4.04 5.36 6.35

Energy/ GDP TOE/ M won 0.40 0.41 0.35 0.29

Final Energy MTOE 121.8 152.4 213.9 257.9

Indus try 51.7% 54.6% 50.9% 49.8%

Transport 22.3% 20.9% 23.3% 22.8%

Residential 17.7% 15.6% 16.1% 16.8%

Commercial 8.4% 8.9% 9.8% 10.6%

2010 2020Unit 1995 2000
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GHG Emi ssi on I ndi cat or sGHG Emi ssi on I ndi cat or s

GHG Emission M TC 102.4 121.2 174.0 205.4

Per capita GHG TC 2.27 2.56 3.44 3.92
GHG/GDP TC/Mwon 0.27 0.26 0.22 0.18

GHG/energy TC/TOE 0.68 0.63 0.64 0.62
By sector

Industry 48.8% 49.5% 46.5% 45.4%
Transport 21.9% 21.6% 23.6% 23.5%

Residential 18.7% 16.9% 16.9% 17.3%

Commercial 10.6% 12.0% 13.0% 13.7%

2010 2020Unit 1995 2000

Maj or  I ssuesMaj or  I ssues

• Uncer t a i nt i es

– Economi c gr owt h,  i ndust r i a l  s t r uct ur e

– Ene r gy ma r k e t  s i t uat i on

– Ene r gy t echnol ogy devel opment

– De v e l op sever a l  scenar i os ?

• Tr ade- of f  di saggr egat i on & dat a
ava i l abi l i t y

• Ef f ec t  of  pol i c i es and measur e s
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Use of EFOM-ENVUse of EFOM-ENV

Basi c Fr amewor k ofBasi c Fr amewor k of

EFOM- ENVEFOM- ENV

n Minimize total energy system costs with respect
to primary energy requirements and energy
transformation technologies

n Given constraints such as  useful (or final)
demand for energy, available technologies, and
environmental restrictions
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St r uct ur e of  EFOM- ENVSt r uct ur e of  EFOM- ENV

n Total energy system costs of OBJ: variable

costs, and capital costs, 1995 - 2020

n Four subsystems for energy use

n Nine subsystems for primary energy supply,

and energy transformation

Use of  EFOM- ENV,  1999Use of  EFOM- ENV,  1999

( Pr esent a t i on Scheme)( Pr esent a t i on Scheme)

n Main purpose: least-cost GHG abatement

strategies, and their potentials

n Two scenarios: BAU, and 10% GHG Abatement

n Preliminary results

n Issues and discussion
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Two Scenar i osTwo Scenar i os

n BAU

  - Useful energy demand predicted on the basis of the

KEEI Bottom-up model

  - Autonomous efficiency improvement of energy

appliances assumed

n 10% GHG Abatement

  - 10% GHG reduction with BAU assumptions

Maj or  Abat ement  St r at egi esMaj or  Abat ement  St r at egi es

Avai l abl eAvai l abl e

n High efficient energy appliances

n Use of low GHG fuels

       < Promising options not considered >

  - Encouraged improvement of energy efficiency, and

promoted use of high-efficient appliances

  - Energy pricing (tax) policy

  - Strengthened dissemination of information for the

efficient use of energy
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Pr el i mi nar y Resul t sPr el i mi nar y Resul t s

Ma j or  Least  Cost  GHG Mi t i gat i on Sect or sMa j or  Least  Cost  GHG Mi t i gat i on Sect or s

                                                          Average Cost      Abatement Potential
                                                              (US$/TC)                  (1,000 TC)

n Residential heating
     and transportation           -                   5,827

n Industrial motor
      power                           413.3               5,196

n Industrial direct
      heating                         416.0               4,191

n Total average cost         403.0
                                         f.n., estimation for 2020 at 1995 price

I ssue 1:  Model  Li mi t a t i onsI ssue 1:  Model  Li mi t a t i ons

          and Pot ent i a l  Sol ut i ons          and Pot ent i a l  Sol ut i ons

n Linearity of OBJ in terms of costs and GHG
mitigation options, which requires that
scenarios be specified very carefully

n EFOM-ENV cannot be a stand-alone model, and
it needs to be assisted by and assist other
models such as top-down and microscopic
economic and technical models
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I ssue 2I ssue 2

I mpl ement abi l i t y of  Model  Sol ut i onsI mpl ement abi l i t y of  Model  Sol ut i ons

n EFOM-ENV solutions can represent only policy
targets where we may arrive, but not policy
vehicles by which we may get there

n Research attention needs to be given to

  - What policy variables can be considered

  - To what extent they can be used separately or altogether

I ssue 3I ssue 3

Pr epar edness f or  Da t a  Requi r ement sPr epar edness f or  Da t a  Requi r ement s

n EFOM-ENV needs quite a large data and

information base

n Current issues for a data base

  - Data specificity: how bottom is bottom?

  - Physical data base management: centralized or
decentralized?

  - Data quality management
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I ssue 4I ssue 4

Resour ce  Cost s  f or  Model  I mpr ovementResour ce  Cost s  f or  Model  I mpr ovement

and Mai nt enanceand Mai nt enance

n Building, polishing, and maintaining models
and relevant data bases are time-consuming,
and in need of lots of resources

n Orderly provision of necessary resources

  - research manpower

  - research fund with reasonable time frame

  - research cooperation domestically and internationally

I ssue 5I ssue 5

Fut ur e  Resear ch Ar easFut ur e  Resear ch Ar eas

n Developing policy tools in order to translate

least cost options into markets

n Refining model structures of EFOM-ENV

  - Building capacity to integrate EFOM-ENV with other
models and micro studies on energy and its relevant
markets

n Establishing energy DBMS


