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Reference energy system
• Energy system is made up of:

– Demands for energy services (vkms, lighting) by 
users

– Sources of energy (imports / mining—domestic 
resources)

• A reference energy system describes the 
‘pathway’ of energy sources to demands – like a 
network flow diagram

• It represents the ‘pathway’ through the system 
from sources to demand using:
– Commodities - energy carriers e.g. coal, emissions

– Technologies - conversion (e.g. coal to electricity) or 
process



Reference energy system – Example
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MARKAL/TIMES modelling for UK policy
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MARKAL/TIMES Contributions

• Energy White Paper 2003 (Standard MARKAL)

• Energy White Paper 2007 (MARKAL MACRO)

• Climate Change Bill, 2008 (MED)

• Low Carbon Transition Pathways (MED)

• Fourth Carbon Budget, 2010 (Stochastic MARKAL)

• Global Carbon Pathways, 2012 (TIAM-UCL)

• Fourth Carbon Budget Review, 2013 (TIAM-UCL)

• DECC have undertaken UKTIMES as core tool

• Fifth Carbon Budget, 2015 (UK TIMES)



Models have been used to inform UK climate & energy 
strategy since 2003
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The Climate Change Act and UK regulations
• The Climate Change Act was passed in 2008 and established a 

framework to develop an economically credible emissions 
reduction path. The act commits the UK to reducing 
emissions by at least 80% in 2050 from 1990 levels.

• Department for Energy and Climate Change (DECC) leads on 
the UK’s policy to reduce emissions. 

• Carbon Budgets. The Act requires the Government to set 
legally binding ‘carbon budgets’. A carbon budget is a cap on 
the amount of greenhouse gases emitted in the UK over a 
five-year period.

• The Committee on Climate Change (CCC) was set up to 
advise the Government on emissions targets, and report to 
Parliament on progress made in reducing greenhouse gas 
emissions.  

• In 2016, BREXIT, Department for Business, Energy and 
Industrial Strategy (BEIS)



UK GHG Emission pathway



LEAP



LEAP Modeling Capabilities
• Energy Demand

– Hierarchical accounting of energy demand (activity levels x energy intensities). 

– Choice of methodologies.

– Optional modeling of stock turnover.

• Energy Conversion

– Simulation of any energy conversion sector (electric generation, transmission and distribution, CHP, oil 
refining, charcoal making, coal mining, oil extraction, ethanol production, etc.)

– Electric system dispatch based on electric load-duration curves.

– Exogenous and endogenous modeling of capacity expansion.

• Energy Resources:

– Tracks requirements, production, sufficiency, imports and exports.

– Optional land-area based accounting for biomass and renewable resources.

• Costs:

– All system costs: capital, O&M, fuel, costs of saving energy, environmental externalities. 

• Environment

– All emissions and direct impacts of energy system. 

– Non-energy sector sources and sinks.



Demand Modeling Methodologies (1)

1. Final Energy Analysis:  e = a  i
– Where e=energy demand, a=activity level, i=final energy intensity 

(energy consumed per unit of activity)

– Example: energy demand in the cement industry can be projected 
based on tons of cement produced and energy used per ton. Each can 
change in the future.

2. Useful Energy Analysis: e = a  (u / n) 
– Where u=useful energy intensity, n = efficiency

– Example: energy demand in buildings will change in future as (1) more 
buildings are constructed [+a] (2) people get richer and heat and cool 
buildings more [+u], or building insulation improves [-u], or as people 
switch from less efficient oil boilers to electricity or natural gas [+n]. 



Demand Modeling Methodologies (2)
3. Stock Analysis: e = s  d

• Where s=stock, d=device intensity (energy use per device). Stock is 
modeled endogenously based on existing vintage of devices, sales of 
new devices and survival profile for devices.

• Example: how quickly will a new energy efficiency standard for 
refrigerators lead to energy savings based on penetration of new devices 
and turnover of existing stock?

4. Transport Analysis: e = s  m / fe
• Where m = vehicle miles, fe = fuel economy (MPG)

• Allows modeling of vehicle stock turnover. 

• Also allows pollutant emissions to be modeled as function of vehicle 
miles

• Example: model impact of new vehicle fuel economy or emissions 
standards.



The Tree
• The tree, which appears in the 

Analysis View, the Results View, and 
the Notes View is a hierarchical 
outline used to organize and edit the 
main data structures in a LEAP 
analysis.

• The main data structure used for 
organizing data and models, and 
reviewing results

• Icons indicate types of data (e.g.,  
categories, technologies, fuels and 
effects) 

• User can edit data structure.
• Supports standard editing functions 

(copying, pasting, drag & drop of 
groups of branches)



Household number
(8 Mil. HH/40 Mil. Persons)

Urban (30%)

Electrified (100%)

Refrigeration (95%)
[500 kWh/HH/year]

Lighting (100%)
[400 kWh/HH/year]

Cooking (100%)
30% Electric [400 kWh/HH/year]
70% Natural gas [60 cubic 
meter/HH/year]

Others devices (100%)
[800 kWh/HH/year]

Rural (70%)

Electrified (25%)

Refrigeration (20%)
[500 kWh/HH/year]

Lighting (100%)
100% Electricity [335 kWh/HH/year]
20% Kerosene [10 liter/HH/year]

Cooking (100%)
30% Charcoal [166 kg/HH/year]
15% LPG [59 kg/HH/year]
55% Wood [525 kg/HH/year]

Others (100%)
[111 kWh/HH/year]

Non-electrified (75%)

Lighting (100%)
Kerosene [69 
liter/HH/year]

Cooking (100%)
30% Charcoal [166 kg/HH/year]
15% LPG [59 kg/HH/year]
55% Wood [525 kg/HH/year]

Current Account: Household sector



View the results



Transformation Modules
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Load Curves and Electric Dispatch
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OSeMOSYS (Open Source Energy 
Modelling System)



LEAP

Residential sector (Urban/Rural; 
Electrified/non-electrified

Optimised power sector with 
OSeMOSYS



OSeMOSYS- Example
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UK Scenarios



Deep Decarbonisation Pathways Project (DDPP)

24

• Backed by the UN and French Government.

• Interim report delivered to Ban Ki-moon in July 2014, in support of the 
Leaders’ Climate Summit, and to the French Foreign minister.

• Final report published in summer 2015 – and key publication in run up 
to COP21.

• While not informing INDCs, ensure 2 °C target is in the frame, and 
provides robust analysis.



The situation today: CO2 from energy use is critical, 
accounting for 82% of total GHG emissions

• Largest emitting sector is power generation; however, emission contributions 
across all sectors point to need for system wide action.
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Scenario overview: high-level description
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D-EXP: ‘decarbonise and expand’
 Early power sector decarbonisation, followed by expansion to enable electrification of end 

use sectors.

 Relies on strong early development of low carbon technologies (R&D, policy, financing).

M-VEC: ‘multi-vector pathways’
 A more limited deployment of CCS / nuclear for range of reasons and public acceptability 

concerns.

 Stronger growth of wind (and a more intermittent system); lower electrification due to 
system integration issues and more cost-competitive alternatives – bioenergy and H2 play a 
stronger role.

 Highlights system operation challenge and higher costs of lower & delayed deployment.

R-DEM: ‘reduced demand’
 Stronger focus on local solutions, with area-based building retrofit programmes and local 

transport measures. 

 In addition, transport demand does not grow as forecast (saturation effects) and international 
aviation reduces due to high costs.



Decarbonisation pathways characterised by strong action in 
power sector

27

• Post 2030, end use sector decarbonisation follows in transport, industry  and buildings.

• Critical role for CCS (and negative emissions).
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Rapid power sector decarbonisation followed by expansion
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• By 2030, CI of 0 gCO2/kWh, and low carbon technology dominated.

• Strong increase in generation post 2030, due to end use electrification.
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Lower deployment of key technologies impacts solution 

29

• Low deployment of nuclear, and delay in CCS means stronger wind capacity uptake.

• Strong role for gas capacity in LT as back-up capacity.
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Energy /carbon intensity of final energy consumption falls 
by over 70%
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% share of electricity in final energy

• Increased efficiency seen 
across all pathways.

• Decarbonisation of energy 
mix also critical.

• Strong role for electricity, 
(although lower under M-
VEC ~30%).
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Increased efficiency and move towards a lower carbon 
energy mix

31

• Emergence of hydrogen for transport and industry from 2030 onwards.

• Strong reductions in oil and gas use in end use sectors – and growth in electricity use.
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Transport sector transitions: 
car travel demand (bvkm)
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D-EXP: 

Car stock transition between 2025 – 2035; 
large-scale take-up of PHEV/EVs

M-VEC:

Longer transition phase with HEVs

More limited uptake of electric, and 
stronger role for hydrogen

R-DEM:

Reduced growth in car demand allows for 
slower transition that D-EXP
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Residential sector transition a key challenge

33

• Central heating is excellent, and copes with high winter peak demand.

• Later mitigation in sector compared to transport; strong role for heat pumps – but gas 
use continues to deal with heating peak.

• Role for district heating, providing additional storage in strongly electrified sector.
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Energy supply transition: the role of gas

34

• Increase in gas in later periods due to use in electricity and H2 production, both with CCS.

• Lower deployment level of electricity CCS in M-VEC, and more electricity use for H2 
production (rather than gas).
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Energy supply transition: optimal allocation of bioenergy
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• Higher bioenergy potential in M-VEC case, due to lower electrification. 

• More direct use in end use sectors under M-VEC – but in general allocation for use in 
combination with CCS, particularly H2 / electricity.
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Some conclusions…
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• Most cost-effective mitigation is in the power sector; ‘decarbonise and 
expand’ is fairly well recognised.

• Lower deployment of key generation technologies increases costs, and 
increases challenge for system operation.

• CCS (incl. negative emissions) provides significant headroom in later years 
to continue using some fossil fuels in end use sectors.

• Bioenergy assumptions are critical; strong use in hydrogen and electricity 
production w/ CCS.



….and implications
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• Re-orientation of how we deliver energy services necessary (system operation, 
policy incentives, new infrastructure, supply chain capacity).

• Society has to be engaged!

• Key role for government on policy frameworks, R&D etc.; markets cannot deliver 
this alone (high capital investment and perception of risk).

• Action has to happen now; in 15 years, power system decarbonized and large 
market in electric vehicles and heat pumps.

• International cooperation essential to make this happen; UK is a price taker in 
the main but can influence some technologies (CCS, offshore wind).

• Key uncertainties include role and price of gas, CCS performance / deployment, 
and use of bioenergy.
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