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IPCC emission pathways to stay within the
1.5 target agreed at COP 23 in Paris 2018
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Global CO, emissions need to decline to net zero by 2040 to 2055!

Global warming relative to 1850-1900 (°C)
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Not every energy future is sustainable ’E'UM

Only sustainable energy futures are acceptable!

Components of non sustainable
energy futures:

= Coal, oil, gas

* Nuclear energy

Components of fully sustainable

energy future:

= Solar, wind, geothermal and
ocean energy

. .
Source: https://thevoroscope.com/2017/02/24/the-futures- En.e.rgy savings, energy
cone-use-and-history/ efficiency

\
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Which sustainable energy future should we ’

: 87
pick? EUM

Which sustainable energy futures/scenarios can
we design for a country?

How much of which component
can we envisage?

energy savings
energy efficiency

Solar

wind
geothermal
ocean energy

Source: https://thevoroscope.com/2017/02/24/the-futures-
cone-use-and-history/
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ENERGY FLOW DIAGRAM GERMANY

Stock extraction 81 3.913 11.288 2009 (in PJ)
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" All numbers are estimates. Source: Working Group Energy Balances 07,2010
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Figure 31 Myanmar Projected Electricity Demand (2015-50, BAU)
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Scenario LCOE
n n — n
o o 2+ _ 4(I1B5"K/"¥) >/ BACkH=+<"#5/CC
kWh
@) 100% RE / Wind / PV / Solid waste combustion 0.3883 obiectives wih more than 50% relative imporiance
7| 100% RE Wind and PV plus storage 0.3999
@) 100% RE / Wind / PV / King Grass / WTE combustion 0.4004
6 | 100% RE Wind and storage alone 0.4013
17 | 100% RE / Wind / PV / King Grass / Bagasse / WTE combustion 0.4128
@)100% RE / Wind / PV / Bagasse / WTE combustion 0.4143
12 | 100% RE / Wind / PV / King Grass / WTE gasification 0.4209
8 | 100% RE / Wind / PV / King Grass 0.4212
100% RE / Wind / PV / Bagasse 0.4233
10 | 100% RE / Wind / PV / WTE gasification 0.4356
18 | 100% RE / Wind / PV / King Grass / Bagasse / WTE gasification /WTE 0.4361
combustion
13a | 100% RE / Wind / PV / King Grass / WTE combustion 0.4386
1 [ New diesel only (base line) 0.4495
16 | 100% RE / Wind / PV / King Grass / Bagasse / WTE gasification 0.4584
15 | 100% RE / Wind / PV / Bagasse / WTE gasification 0.4614 2 " P ” o0 20
2 | Bagasse and river tamarind only 0.4810 Relatve importance of obiecties (ieevance x eauency)
3 | King grass gasification only 0.4886
5 | 100% RE PV and storage alone 0.5100 3#4"5/6t , #- - /0/"+789:;+<h9:+)=>192
4 | Waste to energy gasification only 0.5126
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Installed capacities and annual generation

Scenario{Wind
Bagasse
year 20 Annual : :
Year power LCOE Wind PV King Grass e rlyeorl So"g e
demand tamarin combustion
combustion
No Name BBD/ MW GWh/ MW GWh/ MW GWh/ MW GWh/ MW GWh/a
. kWh a a a a
2015 950 0 10 19 0
2020 1050 | 0.3664 25 114 55 113 5 34
100% RE /
Wind / PV / 2025 1150 @ 0.3002 105 481 125 258 1 74
11
WTE
combustion
2030 1250 | 0.3123 185 847 195 403 11 74
203 1350  0.3883 265 1213 265 547 11 D

<)"=/?5/@)"1#+88

P S W P N TR,




=") AGBH#AI<)?-C)0

Installed capacities and annual generation

1HBI" ) HH(+, BWL" (-.#7+,- )/ (W#-0L#2+(*) . (#
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Scenario / Wind year 2 Stora
Y v Annual LCOE Diesel/ ge Storage Storage Sh fRE Totald +
ear power Biodiesel volu generation pumping are o overproduc
demand ion
me
No. Name BBD/ MW GWh/ MWh MW GWh/ MW GWh/ % GWhl/a
kWh a a a
2015 950 239 950
2020 1050 0.3664 | 140.9 789 24.91% 0
11| 100% RE/Wind / PV /WTE 2025 1150 = 0.3002 1488 | 354 3000 150.5 60 90 80 69.21% 17
combustion
‘ 2030 ‘ 1250 0.3123 | 162.2 118 5000 & 186.3 176 | 220.7 202 90.6!% 192
1350 0.3883 | 166.7 50 5000 196.8 205 307 238 96.3!% 400
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Installed capacities and annual generation Installed capacities and annual generation
Scenario / Wind Scenario / Wind year 2011 Stora
B Al | : Total
year 2011 Annual ar?g?isvseer Solid wate Year pnoTAllJ:r LCOE plescl ge SEEE Sl Share of RE over;())roduct
Year power LCOE Wind PV King Grass : A Biodiesel volu generation pumping o
demand tamarind combustion demand D ion
combustion
No. Name BBD/ MW  GWh/ MWh MW  GWh/ MW  GWh/ % GWh/a
No Name BBD/ MW  GWh/ MW  GWh/ MW GWh/ MW GWh/ MW GWh/a KWh a a a
. kwh a a a a
2015 950 239 950
2015 950 0 10 19 0
2020 1050 0.3664 = 140.9 789 24.9'% 0
2020 1050 | 0.3664 25 114 55 13 5 34 )
o 11| 100% RE/Wind / PV/WTE 2025 1150 0.3002 1488 354 3000 1505 60 90 80 69.21% 17
100% RE /
. combustion
1)) Wind/PV/ 2025 1150 | 0.3002 105 | 481 125 258 1 74
o on 2030 1250 03123 | 1622 = 118 5000 1863 = 176 2207 = 202 90.6/% 192
2030 1250 | 0.3123 185 | 847 195 403 1 74
2035 1350 0.3883 166.7 50 5000 196.8 205 307 238 96.3!% 400
2035 1350  0.3883 265 1213 265 547 1 74
2015 950 239 950 0 0 0 0 0 0.0!% 0
2015 950 0 0 10 19 0 0 0 0
2020 1050 0.3696 | 140.2 785 25.21% 0
2020 1050 | 0.3696 20 92 65 134 2 5 5 34
100% RE / . -
Wind / PV / 13 1(350% R;E / Wind / PbV / King 2025 1150 0.3253 148 | 422 63.31% 36
13| Yking Grass / 2025 1150  0.3253 9 412 120 248 10 30 11 74 rass / WTE combustion
e 2030 1250 0.3161 | 155.6 = 164.4 | 5000 178 142 | 162.8 163 86.81% 157.4
combustion 2030 1250 | 0.3161 160 = 733 175 361 18 75 1 74
2035 1350 0.4004 1448 50 5000 1729 163  253.4 190 96.3!% 435
2035 1350  0.4004 232 1062 232 479 26 120 1 74
2015 950 239 950 0.01%
2015 950 0 10 19 0 0 0 °
10/
2020 1050 | 0.3749 20 0 50 103 2 5 5 31 2020 1050 0.3749 | 140.2 816 22.31% 0
100% RE /
Wind / PV / 13 | 100% RE / Wind / PV / King 2025 1150 = 0.3354 | 1405 = 469 59.21% 10
;3 ) King Grass / 2025 1150  0.3354 80 366 100 206 14 45 1 74 4 Grass / WTE combustion
WTE
combustion 2030 1250 0.3451 140 641 150 310 27 150 1 74 2030 1250 0.3451 | 135.3 168 | 5000 156 97 | 1315 110 86.6!% 93
2035 1350  0.4331 200 916 200 413 40 300 1 74 2035 1350  0.4331 1316 50 5000 156.8 129 199.8 151 96.31% 403
100% RE / 2015 950 0 0 10 19 0 0 0 0 100% RE / Wind / PV / 2015 950 239 950 0 0 0 0 0 0.0!% 0
Wind / PV / Bagasse / WTE combustion
Bagasse / WTE
combustion 2020 1050 | 0.3807 20 92 65 134 25 169 5 34 2020 1050 0.3807 | 121.7 621 40.91% 0
141 2025 1150  0.3452 85 389 120 248 25 169 1 74 14 2025 1150 0.3452 | 129.9 286 | 5000 | 138.4 56 = 853 75 75.11% 16
2030 1250 | 0.3609 170 | 778 175 361 25 169 u 74 2030 1250 0.3609 | 139.4 133 | 5000 165 157 | 181.4 181 89.41% 265
2035 1350  0.4143 219 1003 219 452 25 169 u 4 2035 1350 0.4143 1519 50 5000 180.6 176 2483 205 96.31% 398
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Installed capacities and annual generation
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Scenario / Wind year 2011 Stora
4 SO Diesel/ ge Storage Jatal
Year power LCOE Biodiesel = generation Share of RE  overproduct
demand ion
me
No. Name BBD/ MW Gwh/ MWh MW Gwh/ % GWh/a
kWh a a

2015 950 239 950
2020 1050 0.3664 | 140.9 789 24.9'% 0
11| 100% RE/Wind / PV /WTE 2025 1150 = 0.3002 148.8 = 354 3000 = 150.5 69.21% 17

combustion
2030 1250 0.3123 | 162.2 118 5000 | 186.3 90.6!% 192
2035 1350 0.3883 166.7 50 5000 @ 196.8 96.3!% 400
2015 950 239 950 0 0 0.01% 0
2020 1050 0.3696 | 140.2 785 25.21% 0
13| 100% RE /Wind / PV / King 2025 1150 | 0.3253 | 148 | 422 63.31% 36
Grass / WTE combustion
2030 1250 0.3161 @ 155.6 | 164.4 5000 178 86.8!% 157.4
2035 1350 0.4004 1448 50 5000 172.9 96.3!% 435
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'Fi,gure 15 3TIER’s Global Wind Dataset 5km onshore wind speed at 8om height® Figure 19 3TIER’s Global Solar Dataset (3km in W/m*2) for GHI
W coms W 77 9574 Winviday
W zems W 124892 Wim/day
B s2me B 145.328 Winviday
B s8ms B 160.063 wim“/day
W s4ms B 1725654 Winviday
6.0m/s 184.423 Wim*/day
1]
W csms B 196.192 Winv/day
W 72ms
‘ B 206.783 Wim*/day
i 7.8 mis
(BUFma) -4 W 236519 Wim/day
HWsims
B 283954 Winviday
. SO0mis
I 368164 Wim“day
Source: IRENA Global Atlas for Renewable Energy (3TIER Global Wind Dataset) Source: IRENA Global Atlas for Renewable Energy (3TIER Global Solar Dataset)

Source: IES and MKE 2017
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Table 5 Summary of Estimated Renewable Energy Potential (Compiled from Various
Sources and Analysis)
Potential
Myanmar Source and comments
Y (MW)
Hydro (Large) 46,000 | See Section 3.4
Hydro (Small) 231 | See Section 3.4
Pump Storage 0 | Lack of studies available
S 26,062 MW Renewa.lble Energy Developments and Potential in the Greater Mekong
Subregion (ADB, 2015)
g Renewable Energy Developments and Potential in the Greater Mekong
Wimd OBt 33,829 Subregion (ADB, 2015)
No
Wind Offshore information | Lack of studies available
available
— 6.8 IES projections based on data from Renewable Energy Developments
599 and Potential in the Greater Mekong Subregion (ADB, 2015)
Biogas . IES projections based on data from Renewable Energy Developments
8 4741 | 2nd Potential in the Greater Mekong Subregion (ADB, 2015)
Geothermal 400 | See Section 3.7
Osiii T Ocean renewable energy in Southeast Asia: A review (2014), based on
15 5kW/m wave potential, 2300km coastline, 10% efficiency

Source: IES and MKE 2017
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Figure 23 Seasonal Renewable Energy Generation Profiles

Renewable Energy Generation Profiles
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Source: Consultant analysis

Source: IES and MKE 2017
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Figure 31 Myanmar Projected Electricity Demand (2015-50, BAU)
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Source: IES and MKE 2017
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Figure 44 Myanmar Projected Electricity Demand (2015-2050, SES)
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Figure 35 Myanmar Generation Mix (BAU, GWh)
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Figure 48 Myanmar Generation Mix (SES, GWh)

180,000
160,000
140,000
120,000
100,000

80,000

60,000

Generation (GWh)

40,000

20,000

0

& Offgrid m Coal m Hydro
Wind m Bio Solar CSP

®m Hydro ROR ® Geothermal e Ocean
Source: IES and MKE 2017




\l

LHAIE" (@) -/, 0RAE* (. /'12/+838—4+'5% " 2
(633)2'7889': ; EUM

Table 16 Myanmar Generation by Fuel (SES, GWh)

Generation 2010 2015 2020 2030 2040 2050
Coal 0 0 0] 0 (0] 0
CCS 0 0 (0] 0 0 0
Diesel 30 0 0] 0 o) 0]
Fuel Oil 0 0] 0 0 0 0]
Gas 1,678 5,233 6,502 6,174 2,023 (o}
Nuclear 0 0 0] 0 0] 0]
Hydro 5,263 8,099 15,308 23,125 20,402 23,362
Onshore Wind o) 0 2,435 10,980 22,081 27,800
Offshore Wind 0 0 0 0 0] 0]
Biomass 0 0 1,441 8,445 22,522 27,187
Biogas 0 0 0 0 (0] 0
Solar (o} (o} 3,836 17,501 38,141 53,640
CSP 0 0 (o} 3,381 10,525 21,085
Battery 0 0 0] 0 0] 0]
Hydro ROR 0 0 0] 4,415 5,925 7,358
Geothermal 0 0 0 333 1,651 2,304
Pump Storage 0 0 0 0 0] 317
Ocean 0o (o} 0 (o} 132 526
Off-grid 0 2 112 1,268 725 716

Source: IES and MKE 2017
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Figure 88 Myanmar LCOE for Generation
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