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https://electricayelectronica.uniandes.edu.co/es/ciudades-con-bajas-emisiones-de-carbono-

en-colombia

Objective
Provide an approach, technical criteria, tools (set of 

indicators and models) and policy and regulatory 

recommendations for sustainable urban 

developments in Colombia (climate change 

mitigation synergies between sectors, urban 

adaptation goals, and SDGs)

INTRODUCTION

https://electricayelectronica.uniandes.edu.co/es/ciudades-con-bajas-emisiones-de-carbono-en-colombia
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Approach    

Develop a vision for planning and operating

a city or urban project   

Apply a set of indicators (adaptable)

to evaluate an urban project and its 

evolution towards an expected situation

Build inventories and baselines

Apply a set of models to evaluate options 

for mitigation, adaptation and improvement 

of living conditions

Develop a tool to integrate the 

recommended options

DEPLOYMENT SCENARIOS

Analyze mitigation scenarios 

and options for increasing 

resilience and improving 

conditions for 

two case studies:

Macro project in operation phase.      

Project in design phase.    

INTRODUCTIONOBJECTIVE
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Project in design phase.    

Project in operation phase.    

Hectares

Residencial Units.            

Projected inhabitants.     

Hectares. 

Residencial Units.                      

Projected inhabitants.     

INTRODUCTIONCASE STUDY
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Buildings Energy

Transport

Urban 

Ecology

Integrated 

water 

management

Waste
Micro 

City

INTRODUCTION



7

Energy Transport Buildings   Waste 
Integrated water 

management
Urban Ecology

Natural Ecosystems

Corridor green blue    

Provision, regulation, 
culture and support

Useful and accessible 
green areas

Carbon sinks     

Preservation of the 
hydrological cycle

Provision of ecosystem 
services through 

SUDS

Demand management 
and resource recovery

Reliable and affordable
water services

Decentralized 
management      

Resilient infrastructure

Distributed energy 
resources

Cost to revenue ratio

Reliable energy 
services

Clean energy 
and electric 

mobility

No final disposition. 
Preferably use.

Circular economy + 
life cycle analysis

Rational waste 
management

Decentralized 
waste 

management

Balanced mix of 
uses/activities

Pollution 
reduction

Transportation 
affordability

Quality public 
transport / 
accessible

Reduction of travel 
times and costs

Urban form and 
built environment

Carbon footprint 
reduction

Cost to revenue 
ratio

Housing, facilities, 
public space

Design, 
construction and 

operation

Support Axis

OBJECTIV
ES

GOOD USE 
OF THE 
LAND

MAXIMIZATI
ON OF 
ECOSYSTEM 
SERVICES
EFFICIENT AND
SUSTAINABLE 
MANAGEMENT OF 
RESOURCES AND 
RESIDUES
SUPPLY OF PUBLIC 
GOODS FOR 
WELFARE

INNOVATION, 
CONNECTIVITY AND 
ECONOMY

OUTPUTS MITIGATION, ADAPTATION AND HABITABILITY

PLANNING FRAMEWORK METHODOLOGY



8

Electric charge prices

Waste cogeneration

Demand for on-site 

treatment

Typologies of buildings for demand estimation

Water demand

Runoff Control

Demand for 

operation

Sludge produced in wastewater treatment

Production 

with 

lignocellulose

Composting

SUDs 

ecosystem 

services

Demand electrical infrastructure

Transport demand

Construction waste

Pruning

waste

Potential use 

of materials

Energy demand in buildings

Area for decentralized solutions

Land uses

Runoff 

control

Urban 

Ecology

Integrated 

water 

management

Energy Waste

Transport

Buildings

METHODOLOGYSECTOR MODELING AND RELATIONSHIPS
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Sensitive city

The methodology used considers different stages to go 

through in each sector to move from an initial situation 

represented by a minimum state of sustainability to a final 

situation represented by the achievement of a sensitive 

city in sustainability in that sector.

METHODOLOGY
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STAGES

Stage n

Stage n-1

Stage …

Stage …

Stage 2

Stage 1

Indicator n

Indicator n-1

Indicator …

Indicator …

Indicator …

Indicator …

Indicator …

Indicator …

Indicator …

Indicator …

Indicator 2

Indicator 1

SENSIBLE CITY / INDICATORS

C
U

M
U

L
A

T
IV

E
 IN

D
IC

A
T

O
R

S

METHODOLOGY
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STAGES
City sensitive to
climate change

City with social and ecological 
functionality

City with integral ecological 
structure

City with main ecological 
structure

City with Green
public space

City with
public space

Public space  area per inhabitant

Public green area per inhabitant

Protected green área (EEP)

Private green space area

Public spaces green  área infrastructure per inhabitant.  

Neutrality (vegetable cover/BD)

Ecological connectivity

Social accessibility

Local climate regulation

CO2 capture and storage

C
U

M
U

L
A

T
IV

E
 IN

D
IC

A
T

O
R

S

ECOSYSTEM-SENSITIVE CITY / INDICATORS CASE STUDY / CIUDAD VERDE
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STAGES

Water sensitive 
city

Compliance with the required water quality

WATER SENSITIVE CITY / INDICATORS

City with water
cycle

City with quality of 
water bodies

City with storm 
drain

City with sanitary 
sewer

City with water 
supply

Affordability of drinking water and sewage services

Reliability of the drainage system

Sanitary sewer service coverage

Storm sewer service coverage

Wastewater treated to the required quality level

Quality of the receiving water body

Average drinking water consumption

Discharged runoff

Water harnessed and reused at the residential level

CO2 emissions from water management

Water vulnerability index due to lack of supply

Public awareness
Multifunctional use of infrastructure for stormwater management

C
U

M
U

L
A

T
IV

E
 IN

D
IC

A
T

O
R

S

CASE STUDY / CIUDAD VERDE
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STAGES

City with clean, efficient and 
reliable supply

ENERGY SENSITIVE CITY / INDICATORS

City with DERs and 
energy districts

City with participatory 
demand 
(demand management)

City with participatory 
demand 

City with reliable and quality 
energy supply

City with electricity and gas 
supply by network Energy affordability

Accessibility to natural gas service

CO2 emissions from energy consumption

Accessibility to electricity service

Average length of interruptions in electricity service

Average frequency of interruptions in electricity service

Accessibility to smart metering

Degree of adoption of smart metering by users

Local policies aimed at energy efficiency programs and demand management

Self-sufficiency of electrical energy through DERs

Self-sufficiency of thermal energy through DERs

Percentage of smart energy management systems in prosumers

Interconnectivity of energy systems

Interoperability C
U

M
U

L
A

T
IV

E
 IN

D
IC

A
T

O
R

S

CASE STUDY / CIUDAD VERDE
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STAGES

City sensitive to comprehensive 
waste management

SENSITIVE TO COMPREHENSIVE WASTE MANAGEMENT CITY / INDICATORS

Home collection coverage of solid waste

City that minimizes its 
generation of waste and 
promotes reuse or exploitation 
from the design of the products

City with correct separation at 
the source and differentiated 
waste collection

City with proper final
disposal

City with full 
trash coverage

Level of compliance with labor rights

Cleaning service affordability

Percentage of waste properly disposed

Percentage of RCD generated in construction that are used

Percentage of household waste used

Differentiated solid waste collection coverage

Avoidable food waste per capita

Sustainable purchases in public entities

Household waste generation per capita

C
U

M
U

L
A

T
IV

E
 IN

D
IC

A
T

O
R

S

CASE STUDY / CIUDAD VERDE
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STAGES
Consistent transportation with 
mitigation and adaptation to 
climate change

SUSTAINABLE MOBILITY CITY / INDICATORS

Dispersion index

Quality of life as a priority 
(Health and active transport)

Good quality
transport offer

Zero vision planning (zero 
deaths due to accidents and 
emissions)

Universal access to services 
offered by the city and to public 
transport Transport affordability

Accessibility to public  transport
Mobility rate

Accessibility to equipment

* Share of public transport and non-motorized modes in total trips

Road safety

PM2.5 emissions level per trip

Travel time on mandatory trips

Quality of public transport service

Offer of cycle-infrastructure and platforms

Environment quality

*Share of non-motorized modes in total trips

Personal exposure to PM2.5 in transportation

Level of CO2eq emissions per trip

Resilience, adaptation and risk management

*Infrastructure sensitive to ecosystems and water

C
U

M
U

L
A

T
IV

E
 IN

D
IC

A
T

O
R

S

CASE STUDY / CIUDAD VERDE
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STAGES

City with sustainable built 
environments

CITIES WITH SUSTAINABLE BUILT ENVIRONMENTS/ INDICATORS

Percentage of dwellings with a formal development character

City with conscious use of 
natural resources

City with efficient use of energy 
(demand management)

City with access to urban 
infrastructure

City with healthy 
housing

City with formal 
housing

Percentage of time in comfort conditions of 
residential buildings

Coverage of educational services

Accessibility to service buildings (education)

Accessibility to service buildings (health)

Accessibility to service buildings (safety)

Accessibility to service buildings (shopping centers)

Electricity consumption in residential buildings operation (upper bound)

Electricity consumption in residential buildings operation (lower bound)

Gas consumption in residential buildings operation (lower bound)

Gas consumption in residential buildings operation (upper bound)

Embodied carbon residential buildings

Embedded carbon urban infrastructure

Waste generated during the construction of residential buildings

Percentage of RAP used in pavements

C
U

M
U

L
A

T
IV

E
 IN

D
IC

A
T

O
R

S

CASE STUDY / CIUDAD VERDE
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STAGES

Stage n

Stage n-1

Stage …

Stage …

Stage 2

Stage 1

Indicator n

Indicator n-1

Indicator …

Indicator …

Indicator …

Indicator …

Indicator …

Indicator …

Indicator …

Indicator …

Indicator 2

Indicator 1

SENSIBLE CITY / INDICATORS

D
Y

N
A

M
IC

 A
N

D
 E

V
O

L
U

T
IO

N
A

R
Y

 V
IS

IO
N

METHODOLOGY
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Indicators
The indicators as a tool for planning and management, 

have as main objectives to generate useful information 

for monitoring, evaluation and decision making, as well 

as to monitor compliance with the objectives set. The 

most relevant characteristics of the indicators are:

METHODOLOGY

Universality Objectivity and

clarity

Ease of 

collection

Representativeness
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METHODOLOGY METHODOLOGY

Fuzzy Comprehensive Assessment 

Methodology

It allows to obtain a 

description of the current 

situation of the case study 

and to determine the 

stages and indicators that 

require priority attention.

They must take action or 

improvement measures 

and establish a time 

interval to monitor the 

evolution of the stages 

and indicators.

It allows an objective and 

comprehensive evaluation 

that involves linguistic 

terms in its description, 

facilitating its 

interpretation for decision 

making.
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EXAMPLE
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P
O

O
R

W
EA

K
G

O
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D
V
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Y 

G
O

O
D
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C
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N
T

CIUDAD VERDE / RESULTS OF INDICATORS BY SECTOR CASE STUDY / CIUDAD VERDE

Ecology Water Energy Waste Transport Buildings
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WEA
K

WEA
K

WEA
K

GOOD

Results by stage

CITY SENSIBLE TO ECOSYSTEMS / RESULTS STAGES CASE STUDY / CIUDAD VERDE

STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5

City with green 
public space

City with main 
ecological structure

City with integral and 
ecological functionality

City with social and 
ecological functionality

City sensitive to climate 
change

WEA
K
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GOOD
GOOD

GOOD

WEA
K

WEA
K

WEA
K

Results by stage

WATER SENSITIVE CITY / RESULTS STAGES CASE STUDY / CIUDAD VERDE

STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5 STAGE 6

City with water 
supply

City with sanitary 
sewer

City with storm 
drain

City with quality of 
water bodies

City with water 
cycle

Water sensitive 
city
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GOOD
GOOD

POOR

POOR

Results by stage

ENERGY SENSITIVE CITY/ RESULTS STAGES CASE STUDY / CIUDAD VERDE

STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5

City with electricity and 
gas supply by network

POOR

City with reliable and 
quality electricity supply

City with participatory 
demand 

(demand management)

City with prosumers and 
energy communities

City with DERs and 
energy districts
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WEA
K

WEA
K

WEA
K

Results by stage

CITY SENSITIVE TO COMPREHENSIVE WASTE MANAGEMENT/ RESULTS STAGES CASE STUDY / CIUDAD VERDE

STAGE 1 STAGE 2 STAGE 3 STAGE 4

City with full coverage of 
waste collection

WEA
K

City with adequate final 
disposal

City with correct separation at the 
source and differentiated collection of 
waste - City with reuse, material and 

energy use of its waste

City that minimizes its 
waste generation and 

promotes reuse
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WEA
K

WEA
K

WEA
K

WEA
K

Results by stage

CITY WITH SUSTAINABLE MOBILITY / RESULTS STAGES CASE STUDY / CIUDAD VERDE

STAGE 1 STAGE 2 STAGE 3 STAGE 4

Universal access to services 
offered by the city and 

public transport

WEA
K

STAGE 5

Zero vision planning
Good quality 

transport offer

Quality of life as a priority
(Health and active 

transport)

Transport consistent with 
mitigation and adaptation
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EXCELLENT
POOR

WEAK

WEAK

Results by stage

CITY WITH SUSTAINABLE BUILT ENVIRONMENTS/ RESULTS STAGES CASE STUDY / CIUDAD VERDE

STAGE 1 STAGE 2 STAGE 3 STAGE 4

City with formal 
housing

STAGE 5

WEAK

City with healthy 
housing

City with access to urban 
infrastructure

Energy efficient 
city

City with sustainable 
built environments
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City with 
green 
public space

STAGE 1

STAGE 2

STAGE 3

STAGE 4

STAGE 5

City with main 
ecological structure

City with integral and 
ecological 
functionality

City with social 
and ecological 
functionality

City sensitive 
to climate 
change

STAGE 1

STAGE 2

STAGE 3

STAGE 4

STAGE 5

STAGE 6

STAGE 1

STAGE 2

STAGE 3

STAGE 4

STAGE 5

STAGE 1

STAGE 2

STAGE 3

STAGE 4

STAGE 5

STAGE 1

STAGE 2

STAGE 3

STAGE 4

STAGE 1

STAGE 2

STAGE 3

STAGE 4

STAGE 5

City with 
water 
supply

City with 
sanitary 
sewer

City with 
storm 
drain

City with 
quality of 
water bodies

City with water 
cycle

Water sensitive 
city

City with electricity 
and gas supply by 
network

City with reliable 
and quality 
electricity supply

City with 
participatory 
demand 

City with prosumers 
and energy 
communities

City with DERs 
and energy 
districts

City with full 
coverage of 
waste 
collection

City with 
adequate final 
disposal

City with correct 
separation at the 
source and 
differentiated 
collection of waste

City sensitive to 
comprehensive 
waste 
management

Universal access to 
services offered by 
the city and public 
transport

Zero vision 
planning (Zero 
deaths due to 
accidents and 
emissions)

Good quality 
transport offer

Quality of life as a 
priority
(Health and active 
transport)

Transport consistent 
with mitigation and 
adaptation to 
climate change

City with formal 
housing

City with 
healthy 
housing

City with access 
to urban 
infrastructure

Energy efficient 
city

City with 
sustainable built 
environments

CIUDAD VERDE / RESULTS OF INDICATORS BY SECTOR CASE STUDY / CIUDAD VERDE

ST
A

G
E 

S

Ecology Water Energy Waste Transport Buildings
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WEAK -
40%

CIUDAD VERDE / RESULTS OF INDICATORS BY SECTOR CASE STUDY / CIUDAD VERDE

Ecology Water Energy Waste Transport Buildings

ST
A

G
E 

S

WEAK -
46%

WEAK -
48%

GOOD -
52%

WEAK -
48%

GOOD -65%

GOOD -77%

GOOD -80%

WEAK -
40%

WEAK -
49%

WEAK -
45% POOR -28%

POOR -22%

POOR -35%

GOOD -70%

GOOD -73%
WEAK -

47%

WEAK -
51%

WEAK -
40%

WEAK -
49%

WEAK -
35%

WEAK -
35%

WEAK -
35%

WEAK -
34%

WEAK -
35%

POOR -34%

WEAK -
46%

WEAK -
50%

WEAK -
43%

EXCELENT -100%
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https://electricayelectronica.uniandes.edu.co/es/ciudades-con-bajas-emisiones-de-carbono-

en-colombia

https://electricayelectronica.uniandes.edu.co/es/ciudades-con-bajas-emisiones-de-carbono-en-colombia

