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Motivation

Investment decisions are based on uncertain assumptions about the future.
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Who? How? Where?



Problem
Optimization models assume system-optimal investments
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→ Investment decisions of heterogenous actors under uncertainty are not fully captured



Idea
Use agent-based modelling (ABM)
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→ Evaluate transition pathways with a consistent agent-based modelling approach



Big energy provider Small developer
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Financing 
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Modelling
How to characterize heterogenous actors?
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→ Different conditions and assumptions

BBBAAA



Modelling
How to model investment decisions?
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→ Use expected profit (NPV) as key metric

𝑁𝑃𝑉 = −𝐼0 +෍

𝑡=0

𝑁
𝑅𝑡 − 𝐶𝑡
(1 + 𝑖)𝑡

𝑁𝑃𝑉: Net Present Value

𝑊𝐴𝐶𝐶: Weighted Average Cost of Capital

𝑅𝑡: Revenue of year 𝑡
𝐶𝑡: Costs of year 𝑡
𝑖: Interest rate

𝐼0: Initial investment
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Modelling
How to model uncertainty?
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→ Expected profit depends on many uncertain parameters

𝑁𝑃𝑉 = −𝐼0 +෍

𝑡=0
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𝑅𝑡 − 𝐶𝑡
(1 + 𝑖)𝑡
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Modelling
Investors face uncertainty by making assumptions
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+

+

→ Actors get personalized forecasts based on their assumptions

Map icon by freepik

https://www.freepik.com/icon/map_12667478#fromView=keyword&page=1&position=13&uuid=af9b3365-b30f-4371-bf92-f428376c9c90
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Modelling
How to integrate agent-specific forecasts?

Investment ABM
Yearly resolution

AMIRIS
Simulate forecast over project lifetime

Investment decision

→ Compute endogenous price and dispatch forecasts for each agent



Modelling
And if the assumptions were wrong?
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Year 1 Year 2 Year 3 Year 4

€€€€ €€€ €€€€ €€€€

€€ € €

→ Evaluate profitability annually and shut plant down if necessary



Verification
Does it work?
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Map icon by freepik

Use stylized test cases

▪ Investors have a fixed budget for every year

▪ Investors can invest all or nothing

▪ PV as example technology

Goal

Test model mechanisms

Make conclusions about the transition pathway

https://www.freepik.com/icon/map_12667478#fromView=keyword&page=1&position=13&uuid=af9b3365-b30f-4371-bf92-f428376c9c90


Verification
Shutdown decision
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PV expected to be profitable

PV unprofitable

→ Assumptions on future development don’t match simulated reality

Map icon by freepik

https://www.freepik.com/icon/map_12667478#fromView=keyword&page=1&position=13&uuid=af9b3365-b30f-4371-bf92-f428376c9c90


Verification
Shutdown decision
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→ Overly optimistic forecast leads to stranded assets
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Verification
Agent-specific endogenous forecasts

Low PV profitability due to cannibalisation

High PV profitability

→ Different assumptions on future technology mix affect profitability estimation
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Verification
Agent-specific endogenous forecasts

→ Different assumptions lead to different investment behaviour



Outlook

▪ Add more dispatchable technologies

▪ Simulate the transition pathway of the German electricity sector

▪ Publish model open-source

→ Evaluate policy design
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Summary

▪ Showed agent-based modelling approach of investment decisions in the electricity sector

▪ Endogenous, agent-specific forecasts allow heterogenous assumptions

▪ Proof of concept for key model mechanisms

→ Consistent agent-based modelling enables new analyses on transition pathways
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gitlab.com/amiris Every FridayOpenMod Forum

https://gitlab.com/dlr-ve/esy/amiris/amiris/-/wikis/home
https://meet.jit.si/AMIRISOpenForum
https://forum.openmod.org/tag/amiris


Appendix: Model formulation
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𝑁𝑃𝑉 = −𝐼0 +෍

𝑡=0

𝑁
𝑅𝑡 − 𝐶𝑡
(1 + 𝑖)𝑡

𝑅𝑡 = 𝑝𝑒𝑙,𝑝𝑟𝑜𝑔 𝑡 ∗ 𝑃𝑔𝑒𝑛(𝑡)

𝑅𝑂𝐸 =
𝑁𝑃𝑉

𝑁
∗
1

𝑐𝑒𝑞

𝑅𝑂𝐸 > 𝑅𝑂𝐸𝑚𝑖𝑛

𝐶𝑡 = 𝑐𝑏𝑜𝑟 − 𝐶𝑝𝑎𝑦𝑏𝑎𝑐𝑘 𝑡 ∗ 𝑖𝑏𝑜𝑟

𝑊𝐴𝐶𝐶 = 𝑖𝑒𝑞 ∗
𝑐𝑒𝑞
𝑐𝑡𝑜𝑡

+ 𝑖𝑏𝑜𝑟 ∗ 1 − 𝑠 ∗
𝑐𝑏𝑜𝑟
𝑐𝑡𝑜𝑡

𝑖𝑒𝑞 = 𝑖𝑟𝑓 + (𝑖𝑚 − 𝑖𝑟𝑓) ∗ 𝛽

Net Present Value Return on Equity

𝑁𝑃𝑉: Net Present Value

𝑊𝐴𝐶𝐶: Weighted Average Cost of Capital

𝑅𝑡: Revenue of year 𝑡
𝐶𝑡: Costs of year 𝑡
𝑖: Interest rate

𝐼0: Initial investment



Appendix: Workflow
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max. 80%

max. 40%

𝑅𝑂𝐸 > 𝑅𝑂𝐸𝑚𝑖𝑛

NPV ROE Portfolio

80%

20%

→ Generic decision workflow applicable for different actor types and technologies
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