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Methods

Conclusions

• Urban energy system has been transformed from centralized energy 

system to distributed energy system (DES).

• DES performance , e.g., levelized cost of energy (LCOE) and solar 

energy self-sufficiency (SESS), heavily depends on urban forms.

• Though relationship between urban forms and DES performance has 

been extensively studied, those studies are conducted without the 

consideration of urban planning regulations (UPRs).

• UPRs include, for example, Street Block Plans, Urban Design 

Guidelines, Height Control Plans and Landed Housing Areas. These 

regulations impose limitations and requirements on factors like gross 

floor areas (GFA), building height, and setbacks. Their aim is to 

enhance urban livability, safety, and environmental sustainability.
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Key discussion points

Future applications
Sensitivity analysis: Compute the shadow costs of different UPRs on 

DES performance using optimization model.

Stakeholder benefit analysis: Analyze how the benefits allocated to 

different stakeholders will change through the changes in UPRs.
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Fig. 2 Methodological framework of UPR energy impact evaluation model 

The main URP variable influencing DES performance is the allowable 

land use, which increase LCOE by 25%, reduce SESS by 62%, and 

increase peak hourly grid import by 65% compared to the non-

regulation scenario. Building setback regulation had a relatively small 

impact on DES performance, increasing LCOE by 5%, reducing SESS by 

8%, and increase peak hourly grid import by 7% .

The main contributor of LCOE reduction from adjusting allowable land-

use restriction is the increased PV generation potential.

The main contributors of LCOE reduction from adjusting building 

setback are energy sharing and BESS.

UPRs, including restrictions on allowable land-use and building setback, 

have a substantial impact on DES performance.

The energy performance of DES can be improved through strategical 

adjustments of URPs from the following main channels. Adjust restriction 

on allowable land-use for improvement of PV generation potential and 

investment cost of microgrid. Adjust restrictions on setbacks of certain 

buildings so that the load aggregation and demand response potential 

can be improved.

Fig. 4  LCOE (a), peak demand and grid import (b), and optimal energy-driven land-use assignment plan (c)  

Fig. 1 UPRs and restrictions extracted from Cities Knowledge Graph (CKG) 1,2 

Fig. 3  Restriction on allowable 

land-use (a) and load demand 

and PV generation potential of 

different land-use programs (b) 

in One North district in 

Singapore

Research Questions
What is the impact of UPRs on the performance of urban 

distributed energy systems?
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