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The Fraunhofer-Gesellschaft 355 BBk N RS {EH <

Joseph von Fraunhofer (1787 — 1826) Fraunhofer-Society since 1949
YIER G- RER (1787 - 1826) T RERTIEE1949FE DK

Researcher f}Z%
=» Discovery of the “Fraunhofer lines” }

in the solar spectrum

BIT AP HmRExy | L IBURTUSZIEN

R&D commissioned from industry
& governing bodies

Inventor &HAZE Audio format MP3, white LED,
= New methods for processing lenses } high resolution thermocamera

KA TN AR =LAV T A TR MPS, ESELED, E=fEMT
e =t 1B
Entrepreneur fli52 REH R (]

=» Director and partner in a glassworks Research volume:
= 4] N ~s ’
SFFIBL] VEHE } ca- 2.1 billion euros annually

© DeutschesMuseum‘ f—[ﬁﬂ‘ﬁﬁi Q’j21 {Z;[/\E

“ »Fraunhofer Lines«

» Fpog B R A«

~Z Fraunhofer

ISE



The Fraunhofer-Gesellschaft 355 BBk N RS {EH <

Largest Organization for Applied Research in Europe

MR B ARHIN R ZEA 1A

€2.1 billion 2U{ZBRTT

pradrireonpa AT T Major infrastructure capital ~— A

. N o (i €1.9 expenditure and defense research I

P, NS ! billion EEAMBE YA HRED S 191Z¥KTT |
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The Fraunhofer-Gesellschaft #55 B & kN FHHE{EH#H TS
Connected worldwide E#i £EK
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B ICON/ Scientific Cooperation B4
B Representative/ Marketing Office fXF/A .
B Senior Advisor =25 Ji|n]

=

~ Fraunhofer

ISE



Fraunhofer ISE #25 RE X KFHEEWFEFR
Performing Research for the Energy Transformation M E&EFEEEIHFE

Location: Freiburg im Breisgau 7‘ Photovoltaics

g e ] R | ZEOERER

Directors: Prof. Hans-Martin Henning

s Dr. Andreas Bett s = solar Thermal Technologies
Staff: ca 1200 3 RRERERFIFRA

I A G 271200 A

Building Energy

Budget 2018: € 89 million Techhnologies

L2t 2018 890077 KT

. BRI
Established: 1981
[Ba Hydrogen Technologies
Business Areas: 5 SEERA
Ml Z5SE TR ST,

Energy System Technologies

RERARFBIN

Largest research institute for solar energy in
Europe WM ARHYAKFHEERT TR
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Air Pollution 22554

4 Billion (92%) of Asian h
people are living in
~|unhealthy air conditions

_ |(UN report Oct 2018)

74012 (92%) RN
| R ZE S EF
[T (BREERE2018

_____|®£10A)
| wenmsmsorrwmasamas |

Source: UNEP / Climate & Clean Air Coalition, Air pollution measures for Asia and the Pacific, October 2018
http://www.ccacoalition.org/en/content/air-pollution-measures-asia-and-pacific

Short-term challenge - air pollution should be reduced to
acceptable level within a few years

RIIREL - ZESUTRNAERR LA 2 w5220 /KF

=>» Actions must start immediately
WAFLRIIFAGTTEh
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http://www.ccacoalition.org/en/content/air-pollution-measures-asia-and-pacific

Measures to reduce air pollution

BV STSARTTE

B  Many of the 25 measures proposed by the Climate & Clean Air
Coalition are dealing with energy efficiency in generation,
distribution and consumption of energy and clean energy
sources
"SESEEZESEME" FEHMSTHER 15280 K RE TR
EE AR AT oy ORI EAE T THIRY BB R R

®m Decarbonization of the energy system requires a comprehensive
transformation of the energy system with significant increase in
efficiency and replacement of fossil fuels by renewable energies
REIR A AW TR e AR R A > R ARSI
A RE TR B

=» Short-term measures against air pollution should be the
first step of a long-term transformation of the energy
system against climate change
NN 22 ST AV R HEAN 12 R RE TR RGN N X SR ERY K
TR —F

e

Incraxsa slectric vehicles on the road

o

Petranln batter mnialey optices

Suidy wanﬁﬁpnﬁm waste burnig

Source: UNEP / Climate & Clean Air Coalition, Air pollution measures for Asia and the Pacific,
October 2018 http:/www.ccacoalition.org/en/content/air-pollution-measures-asia-and-pacific
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http://www.ccacoalition.org/en/content/air-pollution-measures-asia-and-pacific

Fraunhofer ISE: combining short-term and long-term planning approach

Fho BRI AT : SRR 7A

2018 2025

2030

Short-term Action Plan
to reduce air pollution
significantly and kick-start long-

term transformation :
of the energy system < !
WHAfT AR '

BERVZESSII BN A

=

K [

L G ST 4
Analysis of the I

current energy system,
development of an
energy balance

IITREIRFZRITR -
I E RETR P

-

/‘

2050 >

Energy Master Plan 2050 \
incl Transformation Roadmap

to meet climate policy goals
(based on energy system modelling)

FETR AR 2050
(it n S5 72]
PASCB S ECR H i

.

(HETAETE 2 R %

)

Energy demand forecast 2050,
evaluation of
renewable energy potential

REJR 7 K I 2050 -

KI

P ETEAREIRAYE ST )
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How to design an optimized sustainable energy system?

WA O BRY R EREE IR R GE ?
Challenges #kkk:

Decentralization: local generation must be adapted to local load profiles
b AHhEEE A T A iE NI T 2 AR R S oK
= Individual solution for each city / district is needed

BN XAV B LR T

Long transformation period: 20 to 40 years needed to implement a sustainable energy system
BERUHAEC : S IR ERRE R AR TR 20 2404
= Short-term measures must fit to long-term system solutions

AR & W RS RTTER

Growing complexity: fluctuating generation, integration of storage, coupling of energy sectors,
smart energy management,...
F L

FERARGHmER: el s iEgERdnnViE S > AR MAE > HEEEEHE. ... ..
=» System optimization by computer modelling is necessary

WEFA T REAHT RS
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Transformation strategy for energy systems

of cities and districts

RETR S RU AR
S AT X

1. Decision
ENERGY TARGETS }

AR RERETRE AR

2. DATA COLLECTION
RETREIRE R

Demand & supply&E >KFIHE R
current & forecastB IR FITIIN

)

4. Assessment

ENERGY SYSTEM
SCENARIOS

Wl ERASER

5. Decision
TARGET ENERGY SYSTEM

AR I BARRER RS

7. Development
MONITORING CONCEPT

K TR

8. Decision
ENERGY MASTER PLAN

AR HERE IR S AR

)

Measures city governments/property owners fiEUF /AL E: | ] ]

3. Simulation
ENERGY SYSTEM
SCENARIOS

Bl ERASRIER

6. Development
ROADMAP

RIE LHAILAER HATEE R

—_— ]

IMPLEMENTATION
ARISL it

Measures experts/consultants %%z /Ji[a]: [ 1 [
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Generic energy system design for local systems with high shares on renewables

ﬁﬁ%@%gﬂ%ﬂﬁéﬁﬁ%Emﬁﬁﬁﬁ&ﬁ

\_

(" Recion ~
f CITY ImporT/Export Batteries \f \\
[ Wind ]- wnn Wlnd Short term
Electric grid * * * Electricity
L i f
Cold
| storage
| ) \- y
HP PtH CCh
- - ) § w
| - Cold demand
Solar Solar [ é connected
thermal ['"I""| thermal |
N . District heating Heat demand
1 connected
. B st
m | seasonal NS J
! q --[ CHP HPe| ST
| Heat demand
1 co, Y islands
[ | HPgas
-+ 4
Gas grid I
o —
L] N . .- L 8 B B N N B B B B B B § | H
Trading of Biomass (Wood,...) 1 islands )
Generation \_ Generation Conversion / distribution / operation On-site generation / consumption )

\Warme-/Kalteerzeuger fir den Inselbedarf sind optional pro Gebaude J

LD Al/Aame — WAt mitrmarm Alactvimc 7 ~ae Aeivimm LD — CAarmablvimAad baatd armA vminar AAC  AAAamA c+mim €+ — cdmrama CLW — CAlar hAaat Chi» — Clab4vAalhrimar AMMMA+th — MAathamatimm ACKICCh — Al IAAcAvrimtiarm 1 CAarmarmrace i ClhillAv

Source: Fraunhofer ISE



New energy system modelling tool for optimal energy system design

HRER A T AR TR AR

Fraunhofer ISE developed the modelling tool »KomMod«
B Calculation of cost-optimized energy system design
B Temporal high resolution (hourly)

B Sector-coupling (electricity, heating, cooling, transport)

FHor RERASHEMFEATH LA T H »KomMod«
B A BRI R R
B SRR ER CREFEDNG)

1. Modelling &Y

Energy system Energy system
today Roadmap BEfX > 2050
BEIR 2 G I FEIRAGE 2050

2. Backwarding

B sEREERMEG (B M e ATE) K 38
*KomMod = Urban Energy System Model 3 BE 5 S G R
=
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New energy system modelling tool for optimal energy system design

HRER A T AR TR AR

Modelling output

B Cost-effective energy system design
B Optimal energy system structure
®  Generation and storage capacities R T By s i —
B Effective operation strategy i i “
B Remaining energy import/export £
B Investment and operation costs “

g
AR H
B FERNARGRHRRIR RS
T Moo am s s w0 e we
- ﬁﬁ/ﬁﬁiﬁ%ﬂ@ﬁ%@i Example result %a%?%ri:cty%eﬂr%eg%zggx for one week
" HRE TS
 REREERNYEEHO
RN ERARE
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International project experiences of Fraunhofer ISE
Design of Sustainable Energy Systems & Master Plan Development

57 BE R AXPEREA TR E R H 2%  FIFFERe R A0 % LSRRI e
j o ' gk 4 =

- 10 N 1A
: == o

Duchy of Luxembourg Mariahoeve, Den Hague / Netherlands Phuket, Nan, Rayong / Thailand

FAAREE AN E Mariahoeve, J&G4/fif>% EEE o H o PEIFEE

Jiaxing-Xiuzhou/ China 545} / #7[E  Ulaanbaatar/ Mongolia &Z=E /55 H Naju / South Korea Z |7 /B #f
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Ulaanbaatar challenges 5222 3LHTHkER

B Coldest capital globally (minus 40 °C in winter)
EEREAIER (XFET40°0)

® More than 300,000 citizens are living in more
than 100,000 Gers (yurts) heated with coal stoves
305 fEEAEELI0L Z S dra T - AR
HEHR R

Picture: UB City in February 2018, day with heavy air pollution, day without

—mm

® One of the highest levels on air pollution globally Inhabitants [Mio]

. . . " 25
during winter, due to geographic conditions (valley) /&K [EAT
HTHERZE (1Ua) o LAFHEES G RRse etdaeMom 163 516 318
. =1~ HERER [H /A F5K]
Ekﬁifmézﬁ Heat demand [GWh] 2700 10.400 136
PFOR[TIKELAT] ' '
Electricity demand [GWh]
ieitss St 1970 3180 1.62
]
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Ulaanbaatar challenges 5222 3LHTHkER

® High dependency on coal

e FEE A P

® But: abundant renewable energy sources: st o
wind and solar energy LT

B2 - HAFEHRHEERIR - NEERTKHAE

® High growth rates expected

T -2
I \I+ ﬁ_'_‘l_‘l Picture: UB City in February 2018, day with heavy air pollutlon day without

> How to reduce ar polution caused by coal- —mm

fired CHP plants (central) and stoves in yurts Inhabitants [Mio] 5
and detached houses (decentral), and by traffic &K [E/] '

Heated area [Mio m2]

ST BN B s (R B e | &k 163 516 3.8

I EERVER B (070 ) MSTEPTERHY  Heat demand [GWh] 7700 10400  1.36
%%5'—5:;{% TR R [ TR ELAT ] . .
Electricity demand [GWh] 1970 3180 162
FLTRR R [TIK FLAT ] '
=
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Ulaanbaatar Energy Balance 2016
E=EfEREIRE 2016

®  Full dependency on coal (and

fuels for transport) ( \
- X N EA Energy Supply Distribution / Conversion / Storage Energy Demand
SEEMIUR S (B iz k)
Losses 15%° xc-rt
B High heat demand: cHP 2 £24GWh 50% RN
L7 ;. 2% . 22660 -l ’
five times of electricity demand ." sy PEEL_2: By
5'??2 g 228 GWh -
““Egjjm‘j{ﬂ’jﬂ{ﬁ 0.3 { SOGW'\ District Heating Network
e 357 GWh*
.. 18% loddomhl
B 43% of the electricity | g
. . - GWHh AS 31
generated in the city 2480 GWh
IS exported 228 GWhA Re;:ccietg::al
43%5@%iﬂlézﬁz Eﬁjjjlg H:[l l:[ B 421 GWh B84 GWh*o m 80 GW!
Maators 425GWh*
. . - 22% GER
[ | H|g.h.e|ectr|c.|ty demand by Jpmm— — - PSS
eﬂtItIeS aﬂd IﬂdUStry, Decentralised Generation
high heat demand by
H H Percentage on Final Percentage on Final Electricty
residential sector SO CIUSTH  Energy Balance UBCity 2016 nsniati
PR T A TR K e
o

FEERINFE KRS b

\
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Ulaanbaatar Energy System 2050 - Recommended scenario

SZEFEERARA 2050 - #EER

B 56% of final energy supply is
generated by renewable
energy within UB city and
surrounding region (wind)
56% MR A RE R HEN R EH 5
== EEFEIt T R JH it X Ay ]
AR (XUEE)

®  Abundant renewable energy
potential, but the mismatch
of wind and solar against the
demand limits its usability
EEEE.ZEI’\JETEéEﬁu V==
BERIKHAE 5 7 KA UL
FCPRA 1 EmT M

Somerio: 0 Lest Come s Regmndl Wad s Lece Faee

% l_-.'. - 5
m = [+
o 7.0 o ¥l
BEAC O M,
L ===
-~
Energy Supply Distribution / Conversion / Storage Energy Demand
ORI Sy zses 3 GWh 1618 GWh I8 oY
: Wit - W e
Electricny 351 GWh a8
2% " g
e 1200 GwWh B et TR e 3410 GWh Al ]
— 2 [ 3410Gwh ] DN | Industry
axs2Gwh
sun N — - Losses 2% [ oA : |
67 GW Heators Do 2
— A e aensiat
10001 GWh I !
- 11102 GWh C T —(>—- . .
% — o ”_"' - = Residentit
Sector
Waste Waste ﬁ JSan <anc,\.r. n =1 1 GWh . .
LLUC UL - Incineration 264 GER
082 cwn SRS bost D Diract i
e Electric Electric J
S mere
%
<l )
Mobility
Sector
17%
Percentage on Final Percentage on Final Electricity
Enwrgy Supply 2 Demand (32343 GWH)and Final
(16006 G\Wh) Energy Balance UB City 2050 Muat Demand (13824 GWh)
J

\
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Ulaanbaatar Energy System 2050 - Recommended scenario

SZEFEERARA 2050 - #EER

High share of solar and wind
leads to high level of
curtailment (or export)
KFHEERI A EERY S EEBIT S 2L
SESARNESS & @y

17% of energy demand by
fuels for transport, low e-
mobility share assumed
NS BRI T K AY17 %6

RS AR SEHY B AT
JEES

Somerio: 0 Lest Come s Regmndl Wad s Lece Faee

Energy Supply

Distribution / Conversion / Storage

Residential
Sector

. —o—o—z—o-
Curtaliment
axs2Gwh
san Vv __ Losses 2% Electric
26% 167 GWh Haaters
Curtailment A Y jm‘ GW h
10001 GWh |
. 70> SR >+ — - EERA —>— = &
i — O ]
26% Batteries
v v
LLUC UL - Incineration I
T =3 e e
e Heaters Hoaters
LN
g: 1050 GWh
e | b
Percentage on Final
Enwrgy Supply 2
(18008 Gvh) Energy Balance UB City 2050

Percentage on Final Electricity
Demand (3343 GWh) and Final
Muat Demand (13824 GWh)

J
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Energy System Jiaxing-Xiuzhou 2030 E3Z- 53 NHIREIE £.552030

Recommended scenario: Using 80% of the local renewable energy potential

WEES © (HR80% MY L vl AR TR 7 i
B Energy balance 2030 includes e — o oorens , ption BN

ESs SR

transport within the city AR — . .- )

'®
[:

AE R 2030 ELFE T N HYAC 8 | Fossi fuel] LGN -
i . : Blectricity § = 1 ™ . .V‘
B Due to the strong industry with high P - ses=Hot ?
energy demand, only 33% of the - k| b r &
overall energy demand can be 2,_, ﬁ Y v gaa
generated within the city area _L [
(by using 80% of RE potential and v] e—g3— - e | ah ; ’_ e
the expected demand in 2030) ol " g ST —— | P
TR AEREI ™ LIRA > A 33% wze - He s
08 24 TR R T DB 5 IV\]F - - . wo] mp [[™ o
4 (B ERI80% Y T FFAERE R | o Em - S—( L Figes mymes
FIFI20304E AT TREA TR ) 5ot thermal Taesiony i =
rEER" —_ SR

Ganerstion 33% 307 GWA ST IR TR KNYIRR
Total final energy sepply 11975 GWh 1 8 B 0 T STSE N

CHP- Combined Heat & Power, HP- Heat Pump. * Cooling demand unknown. in electnicity included

\
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Energy System Jiaxing-Xiuzhou 2030 E3Z- 53 NHIREIE £.552030

Recommended scenario: Using 80% of the local renewable energy potential

Hirp it ¢ AIR006H0 A H AT A B RO 1) T

Kizatou Oty Arce TNHE T
B Solar energy: 18% electricity and 6% emeraton crverie, Tritr oo 3or o3 Commgt =.=.-;
ESs SR 141 GWh -
heat of energy supply 2] - — asks W
KPHAE © 1896 FETFI6 96 RS kR Al A Fossi fuel]| 5 BN
! import =S : Sectriciyll &1 ——l » : ;._;v-’
B Biomass: 9% gf energy supply - rags= Kot H &
EPIR © EREHENIN9G = | Tr P~ &
- = T 7 | C—
B 49% of energy is imported as electricity e e
and 18% as benzin and diesel ¥| o—E3— T T E unn" :_‘ | B m
4996 HIREIRE HECTHLTT - 1896 /R HELIS pos o sl -~y F'g
SHIRISEH —— g o ol g [ 22
%) ool el S [y i
o — 3664 m e sl
Solar thermal (Thermaistore) a _ @
xmRas ——
T Ganeration 33N BTIGWA 7
Totad final energy sepply 11975 GWh 1 8 B 0 T nIsTSE NS

CHP- Combined Heat & Power, HP- Heat Pump. * Cooling demand unknown. in electnicity included

\
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Energy System Shanghe, Shandong Province |FREE N HEER AL
Recommended scenario 2021 HEES 2021

How can the use of coal significantly be reduced on short-term?

AR AN AR R D I E R & 2

B Strong increase of geothermal energy for district heating is proposed to replace coal

TR P M R A S o (AR B (5 PR AR B

B Electricity is replacing coal in rural areas (where district heating is not available)

DL g 75 AU s X HRE Sl (e SR R D)

v by i :;m":an —
Shanghe 2010 ‘ ~5
7 : -
_L‘ \ -~
’ P "‘//
. " ey

\
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Findings E1455E ;. Resources %1JF

Renewable energy sources: Solar and Wind have highest potential

RIRAREIR : KMEREFMMNEEA BB NHERA

Solar: limited installation areas within cities, if mainly highrise buildings exist

APREE - MEFERSEED - BMHANZEXEAER

Wind: potential only outside settlement areas, wind speed not sufficient everywhere

MEE : BTNEFAZEFBH S EHZEBR - NEREBNBREREZIH

Biomass/waste: potential exist should be used, but can usually cover only a minor part of demand
AVRE/AIIREE - MNRBREFE, NZHER - BEERERE /NS EXK

Hydro power: Perfect source, if available

KOk RENFIR - MRBES

Geothermal: Perfect source, if potential is there, potential is often unknown/unsure

% REFNFIR - WREEBS - BENDBEEZEARN/TAER

Natural gas: Low-emission bridge technology, often limited/not available and expensive

KRS BEHRGDERA - BEARENEER

Clean coal: Can reduce emissions partly, if bad coal is replaced

AR IRAFREREZN - LRV E D B E

\
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Findings {H1455 ;. Technologies ;A

Efficiency: Huge potential, important pillar of transformation

REREYR : BHEX, BRENEZEES

- in generation: CHP should be preferred (if combustion), high efficient technologies are available
HERERAESLHE : MRERAMREAR, RBENZEER  JLUUEASHEA

- in distribution: Losses are often not monitored, technologies exist

HERERSEAE : MRBEARGRE  ERAEFHE

- in electricity consumption: Huge potential in equipment in households, commercial and public buildings, industrial

processes EBNHEAE : RE, Bl AHES  TWEEEXRES

- in heat consumption: Building insulation (space heating), industrial processes, domestic hot water

HERASHELE : BHREA (ZEHE) , TWESIT - EERK

- in mobility: Low consumption vehicles, electric vehicles reduce energy demand by ca. 80%

HEXEAE : ERKEEREER - BoER - RIE80%EEIRTE R
Monitoring and control: is often not existing BE REREFE

Smart technologies: Batteries and thermal storage, smart energy management, smart grid, needed for an efficient
operation of the energy system
FREEA  BMAER - BEEaEREE - BN - Z2eMBTAEERARSAMMMNEN

\
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Findings #4552 : Economical 235 5|E [/ Social tt&5H

Economical XA HE

Investments in clean technologies, renewable energy sources and energy efficiency are often more expensive as air
polluting technologies, or at least they require higher CAPEX

EREEA, ATEERBENEER LMBRETELREES S RAERR  FEESNRELATH
Investor — consumer dilemma: consumers benefit from energy efficiency, but not the investors
BRE - HEEREIRM  HREZIRTRIENE, MIAEERE

Social #t&AE
Energy prices are often subsidized due to social reasons, this means no motivation to save energy
AFHRA ERNMEZIWNG - SBRRTARERNE ]

Low-income families usually use cheapest energy sources, which cause the highest air pollution
— but they are also suffering the most from air pollution

BUAREEEZFEARERRN, SRESHTENER - ARNMITREZES SRR

\
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Findings #4552 : Planning kXl 5 / Political BUE HHE
Planning KX 5 H

Multi-dimensional challenge: To develop a consistent, efficient and effective plan with significant results in short-term
(on air pollution) is difficult, since short-term and long-term planning must be harmonized, future developments in
energy demand, technologies, policies, public awareness and acceptance, etc. are often difficult to predict, different actors
must contribute, international energy prices are difficult to predict, political framework conditions are unsure in future, ...

ZEkE  HIE—HERPRNNSEARRNESSHREHRE - 2REN - BABUMAZ—EN - SMHNMBEMH -
BN IIE—B - REKBERFEK - BEREA - BER - ARBIRMBERESEEIXELION - P RZ M7
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Political B8 5 H

A bundle of policies is necessary, single programs are not sufficient

—RIMBERRLER, 2 PEZEABH

Effectiveness of political instruments differs a lot, influence is rather limited in some fields

BURMBERMEERBXR, EELEINEIWHEIER

Effective policies are either expensive or require courage by the politicians
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Steps and results of the UB City Master Plan
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Energy system analysis
of Ulaanbaatar
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Goal:
Understand challenges
and opportunities
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Scenario 3: US Bae Cawe + Regional Wind + Local Fuels
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Steps and results of the UB City Master Plan 22 sk m gE 5 S AR 25 TR 45
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Energy system analysis

Input data i A ET3E

Goals of energy system
transformation
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Energy demand today
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Energy demand 2050 forecast
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Potential of renewable energy
potentials in UB city and
surrounding region
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Scenario 3 US Baso Cawe + Regional Wind + Local Fuels
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(" Target system 2050
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Considered aspects
Fluctuating generation
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Coupling of electricity and
heating sector

SRR IS E G
Modelling results 45
Physical possible (supply in
each hour of the year) and
cost-optimal solution
RACEAED NN R - oA
PALRYBRRTT
Comparison of scenarios
Recommended scenario
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/" Transformation path
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Key technical measures

RIBEONE

1. Energy efficiency: building
insulation, reduction of system
losses, ... RETFSRAE * EEHFEN -
BV ERGIR. ...

2. Electrification of the
heating sector (where district
heating is not available)
PEREV RS L (A E Pt
BZHYHITX )

3. Installation of
Photovoltaic and Wind
power plants
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Policies of UB City and

National Government

S B AERBOR

1. Building efficiency law
execution & improvement,
consumption and cost-oriented
energy tariffs $1TAIXCA R
RAEE - DARETRMAERIEA
SERYRETRITE

2. Stimulation of electric heater
usage and related electric grid
strengthening R F FEAAEL
R I0os A P E R

3. PV installations on public
buildings, revision of renewable
energy law AFEFFCE IR
E B THERRE
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Conclusions
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Electricity, heating,
cooling, mobility
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Efficiency in generation,
distribution, consumption
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Air pollution Z25;54
unacceptable level
high urgency
NA[EZ IR
Jioy At
(short-term 4G HH)

Systematic transformation
of the energy system
BER RSN ARG SR
long-term planning £-HAi{ 1]
kick-start now

avAll=v)

Climate change S{&Z5 1k
almost decarbonized energy
system needed
TEIR THRAE IR A5
(long-term +-HH)

Strong and courageous policy
HNLLUAERBOR
(subsidies, regulation,
energy tariffs) (fMlG o IGE »
RETRHTHE)

no local emissions LA HER

Electric vehicles EBE/5FE
higher efficiency 25,

Renewable energy
capacity building

(and clean fuels) Z& i AT 4 RE

MR CBEERED

Smart technologies F&EH A
metering, smart control, sector

coupling,... it & - ZREFEH] -
RUET i =

Long-term and
short-term action plan
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Thank you very much for your attention
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Fraunhofer Institute for Solar Energy Systems ISE
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Gerhard Stryi-Hipp &&= - firfita —mi
gerhard.stryi-hipp@ise.fraunhofer.de

www.ise.fraunhofer.de
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