
Integrated Design and Analysis 
for Sustainable Energy Systems

Low Carbon Asia Research Network, LoCARNet
6th Annual Meeting
Bangkok, Thailand

November 1-3, 2017
Toshihiko Nakata, Tohoku University



Weekly kerosene shoppers in Sendai 
on March 5, 2017



Biofuels production by region
Million tonnes oil equivalent

World	biofuels	production
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Crude oil prices 1861-2016
US dollars per barrel, world events
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Energy system definition
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Energy flow in the US
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Carbon flow in the US
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Energy flow in the world, 2014
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Kondo,	Energy	and	energy	utilization	efficiencies	in	the	Japanese	residential/commercial	sectors,	2009	etc
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Carbon flow in Japan
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Energy cash in Japan
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Wood flow in Japan, 2014



Major oil trade movements 2016
Trade flows worldwide (million tonnes)



Interactive World LNG	Map ©	2017	Petroleum	Economist

Gas supply in the US
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Interactive World LNG	Map ©	2017	Petroleum	Economist15

Gas supply in Europe



Interactive World LNG	Map ©	2017	Petroleum	Economist16

Gas supply in East Asia



Source:	Includes	data	from	FGE	MENAgas	service,	GIIGNL,	IHS	Waterborne,	PIRA	Energy	Group,	Wood	Mackenzie.

Major gas trade movements 2016 
Trade flows worldwide (billion cubic metres)



Gas prices
$/mmBtu
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UN SDGs 2016-2030
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• Transport
• Loss

Resources
• Transport
• Loss

Conversion
• Value	
creation

• Loss

Demand/	
user

Supply	side Demand	side

Transportation	fuel

Electricity

HeatMaterials/	Fuels

Energy system integration
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Dimensions for integration

A) Physical integration

B) Spatial integration

C) Time transition
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Integration
• The	act	of	process	of	combining	two	or	more	things	
so	that	they	work	together.			
• The	action	or	process	of	integrating.
‘economic	and	political	integration’	Oxford	Dictionary

Car buyers

Garage owners

Car importers

Car manufacturers

Suppliers

Commodity producers

vertical

backwards

forwards

horizontal

Martin Sauter (2010) MIT idm (2017) 23



•Transportation
•LossesResources •Transportation

•LossesConversion •Value	creation
•Losses

Demand/	
User

Supply	side Demand	side

Supply	and	demand	integration

Transportation	fuels

Electricity

HeatMaterials/	Fuels

24

En
er
gy
	ca

rr
ie
r	

in
te
gr
at
io
n

A) Physical integration



•Transportation
•LossesResources •Transport

•LossesConversion •Value	creation
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User

Supply	side Demand	side

Supply	and	demand	integration

Transportation	fuel

Electricity

Heat

A) Physical integration
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Data-driven innovation, OECD (2011)

Energy	infrastructure

Materials/	Fuels
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A) Physical integration
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Integrated	energy	supply	through	infrastructures

Integrated	energy	management	on	demand	side	data



A) Physical integration
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Integrated	energy	supply	through	infrastructures

Integrated	energy	management	on	demand	side	data
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1. Supply-demand integration
�ICT based management
�Price & green sensitive emerging users

2. Energy carriers integration
�ICVs→EVs,  Global electrification
�CHP, Waste to energy

3. Energy infrastructure investment
�Oil/Gas pipeline→Heat pipelinet
�Biomass resources logistics

A) Physical integration

29



• Transportation
• LossesResources Conversion LossesTransport • Value	creation

• Losses
Demand/	
User

Supply	side Demand	side

Transportation	fuel

Electricity

HeatMaterials/	Fuels
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B) Spatial integration



Final energy consumption by cities
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Energy density by cities
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Final energy consumption by towns
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Energy density by towns



Common characteristics 
- Conventional oil/gas/electricity infrastructure
- Changes in energy/utility business
- Carbon emission mitigation targets
- Imported fuel markets
- Stakeholders in energy planning

Regional 
condition A
- Life style
- Demand
- Density
- Biomass

Regional 
condition C

Regional 
condition B

B) Spatial integration
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Input: Energy map

Input: Energy flow

Spatial optimization Output: Infrastructure

- CO2 emissions
- Energy security
- Energy efficiency
- Sustainability
- Economic

Demand/Supply matching
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B) Spatial integration
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Heating degree days
annual
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Ref. ：Climate: monthly and annual average heating degree days below 18℃ GIS data at one-degree resolution of the World from NASA/SSE, OpenIE
Heat Roadmap Europe 2 Maps, Halmstad & Aalborg Universities, 2013 

Heating degree days and District
Heating Systems in Europe
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Heating degree days and District
Energy Systems in the US

International District Energy Association



1. Visualization of regional energy  supply and 
demand

- GIS based resource map
- Energy density map

2. Regional energy planning
- Area settings
- District energy system

3. Valuing regional energy system
- Direct/indirect economic ripple effect
- Changes in the social value, quality of life

B) Spatial integration

39
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Transition

Current
2030

2050

C) Time transition

2100
40



C) Time transition
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Denmark 2035 scenario No.1

Energy flows in the 2014, 2035 and 2050 scenarios. Arrows with energy flows are scaled 
indicatively. Reference is made to background data for a more accurate description of energy 
flows. Energinet.dk
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Denmark 2035 scenario No.2

2035 – Without fossil oil in the energy system
Energinet.dk
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Denmark 2050 scenario

Energinet.dk



1. Goal setting
- Low/Zero/Negative carbon society
- Leading management with green sensitivity

2. Action plan
- Transition in supply side
- Transition in demand side

3. Exogenous impact assessment
- Technological learnings
- Lifestyle for sharing, connection, autonomous, etc.

C) Time transition
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Integrated design & analysis for 
energy systems

A) Physical integration
Energy flow, Energy efficiency, Environment

B) Spatial integration
Energy map, Logistics, Infrastructure

C) Time transition  
Regional energy planning
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Welcome to the Laboratory 47


