
 

 

 

 
 

 

 

 



 

Page | 1  
  

 

1.  ................................................................................................................................... 2 

2.  ....................................................................................................... 2 

3.  .......................................................................................................................................... 3 

4.  ............................................................................................................... 4 

5.  ....................................................................................................... 4 

  ................................................................................................... 6 

 ......................................................................................... 6 

  ....................................................................................................... 8 

  .......................................................................................................................... 9 

  ................................................................................................ 9 

6.  .................................................................................................................................. 11 

 

 

 

 

  



 

Page | 2  
  

1. 

2. 

 



 

Page | 3  
  

 

3. 

 

 

 

 

 



 

Page | 4  
  

4. 

5. 



 

Page | 5  
  



 

Page | 6  
  

 

 

0%

20%

40%

60%

80%

100%

120%

201920202021202220232024202520262027202820292030203120322033203420352036203720382039



 

Page | 7  
  

0

20

40

60

80

100

120

140

160

180

0 10 20 30 40 50 60 70 80 90 100 110 120

U
S$

/b
ar

re
l

MMb/d



 

Page | 8  
  

Figure 3. Global natural gas supply curve aggregated from the 4 regional natural gas supply curves. 

 

 

 

The model incorporates four different biomass sources (waste from agriculture, waste from forestry, 
municipal solid waste (MSW), and dedicated agricultural crops). Each source is modeled as a three-
segment piecewise, linear supply curve in each region in the model, derived from an assessment of 
sustainable biomass supply and an evaluation of biomass costs (Brown 2020; Haberl, Beringer, 
Bhattacharya, Erb, and Hoogwijk 2010). Figure 4 shows the four supply curves aggregated as a single 
curve for the Advanced Economies region, though the model treats each supply curve separately 
because some bio-energy applications can use certain resources and not others. Some portions of 
the individual supply curves have the same cost, so the aggregated curve shows six segments, as 
opposed to the 12 segments that the model uses for each region (three segments for four biomass 
curves).  
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Figure 4. Biomass supply curve aggregated from separate supply curves in the model for dedicated crops, agricultural 
waste, forestry waste, and MSW, in the Advanced Economies region as representative of other regions. 

 

 

 

Trade in oil and natural gas is allowed between regions, though natural gas trade is restricted based 
on current natural gas trade between regions, with a modest annual expansion in natural gas trade 
allowed over time. Trade in synthetic fuel, bioethanol, and hydrogen are also allowed, but the supply 
of these fuels is determined entirely endogenously within the model based on investments in 
technologies that produce these fuels, the resource availability of the inputs needed to produce them, 
and the relative costs and regional demand for these fuels.  

 

Energy efficiency curves are modeled as stepwise linear supply curves for the same reasons that oil 
and natural gas supply curves are. Together, two sets of eight technologies form stepwise linear cost 
curves that provide an endogenous demand/energy efficiency response within the model for buildings 
and for industry in each region (Gumerman and Vegh 2019). The curves are based on a United States 
(U.S.) database of the costs and outcomes of utility and government energy efficiency (EE) programs. 
Even if an EE option saves money and has a negative cost, there is a positive cost after factoring in 
program costs to motivate/facilitate EE investments. Therefore, the low end of the EE supply curve in 
the model has low but positive costs.  
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Figure 5. Electricity efficiency supply curve for buildings in the Advanced Economies region, which is indicative of building 
and industry electricity efficiency supply curves across the regions. 
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