Investigation of the impact of urban

planning regulations on

energy system performance
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Background
» Urban energy system has been transformed from centralized energy -~ . .icnd S, AT fagleard B
system to distributed energy system (DES). ' \ /fOPR parameters: » . N

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

Research Questions

What is the impact of UPRs on the performance of urban
distributed energy systems?
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Fig. 4 LCOE (a), peak demand and grid import (b), and optimal energy-driven land-use assignment plan (c)

Urban planning
regulatory model:
Cities Knowledge

Graph (CKG)

. Allowable land use density;
. Maximum land-use area for different
programs

Specific exceptions and permissions;
All tied to machine-readable ontologies
of existing regulations

. Potential regulatory scenarios;

f )

Optimization model for the
urban form and energy
system co-planning
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1. Building volume per floor level;
2
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User queries on UPRs
1. Gross floor area (GFA)
2. Setback

3. Floor area ratio (FAR)
4. Building stories
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Optimal solutions for urban
forms and distributed energy
system planning:

1. Land-use layout and density
2. Generation capacity of DERs
3. Transmission capacity

4. Location of power generators
and transmission lines

Energy system parameters:

1. Hourly energy consumption per unit
of gross floor area

2. Available space for solar PV
installation per unit of land-use area

3. Solarirradiance

4. Technology costs

4 )
1. City Energy Analyst (CEA)

2. Government documents
3. Technoeconomic

\. p

\_______________________________"

B e e e e e S S S B S S S S S S S WSS SEE S S WS S wme . e

e mes mee e e e e s e e e I e
P e

~
~

N\

Fig. 2 Methodological framework of UPR energy impact evaluation model
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Key discussion points

= 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
iImpact 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.

Conclusions

= 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

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.

on allowable land-use for improvement of PV generation potential and
iInvestment cost of microgrid. Adjust restrictions on setbacks of certain
buildings so that the load aggregation and demand response potential
can be improved.
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