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Motivation

71%

40% 39% 30%
13%

(USGBC 2012)

 Buildings in U.S. account for

This requires buildings to 
promote 

- Energy efficiency 
- Water conservation
- Recycling materials
- Longer lifecycle
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Sustainability and Green Building Measures 

 Building owners are demanding sustainability and green measures in 
their buildings

Energy Efficient Measures Water saving measures Renewable Measures
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Problem Statement

 Decision makers are often confronted with a challenging task to identify 
optimal selection of building upgrade measures within their upgrade 
budget

Upgrade  
Cost GHG and Water 

consumption
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Objective

 Identifying the optimal selection of building upgrade measures to 
minimize the carbon emissions and energy consumption of existing 
buildings.
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Model Development Phases

Metrics 
Identification Formulation Implementation Evaluation

Genetic Algorithms

Model Databases
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Metrics Identification 

Extraction 

Treatment

Conveyance

Water Treatment 
& Distribution

Distribution
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1. Greenhouse gas 
(GHG) emissions

Waste water 
treatment

Recycle

Combustion

Landfill

Composition

Solid Waste 
Management 

Electricity Natural Gas
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Energy Production
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2. Water Consumption
 Plumbing fixtures
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Model Formulation - Decision Variables

 Building fixtures and equipment

𝑋𝑋𝑖𝑖,𝑗𝑗
Integer decision 
variables

Location of fixture or 
equipment

Type of fixture or 
equipment
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Model Formulation - Decision Variables

 Percentage of renewable electricity and solid waste 
management  
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Model Formulation - Objective Function

 Minimizing Building Carbon Emissions

𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩 = 𝑊𝑊𝐺𝐺𝐺𝐺𝐺𝐺 ∗
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑅𝑅

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒
+ 𝑊𝑊𝑊𝑊𝑊𝑊 ∗

𝑊𝑊𝑊𝑊𝑅𝑅

𝑊𝑊𝑊𝑊𝑒𝑒

Building 
Environmental 
Performance 

Index

Ratio of building 
GHG emissions 
before and after 
implementing 

upgrade measures

Importance weight 
of GHG emissions

Importance weight of 
water consumption

Ratio of building 
water consumption 

before and after 
implementing 

upgrade measures

Reduced

Existing
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Model Formulation - Constraints 

 Upgrade budget constraint

 Operational performance constraints

 Light luminance

Space heating and cooling capacities

Water heating capacity

 Photovoltaic system constraints
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Model Implementation
 Model input Data

 Building geometry and characteristics.
 Characteristics of building fixtures and their operational schedule.
 Energy consumption and rates of a previous year.
 Importance weights of GHG emissions and building water consumption
 Upgrade budget.

 Model Output Data
 Required upgrade cost and reeducation in GHG emissions and water consumption 

of the optimal solutions.
 Action report of recommended upgrade measures.
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 Model Databases 

Model Implementation
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 Model Databases 

Model Implementation

 Model Databases
15

 Energy 
Characteristics 

 Physical 
Properties 

 Lamp 
ID # 

 Fixture 
Group ID 

# 

 Brand 
Name  Model Name  Lamp 

Type 

 Mean 
Lumens 

(Lumens) 

 Color 
Temperature 

(Kelvin ) 

 Color 
Rendering 
Index (CRI) 

 Life 
Expectancy 

(hours) 
Mercury (mg)

 Lamp 
Cost 
($) 

 Installation 
Cost ($) 

 Annual 
Maintenance 

Cost($) 
 Consumption (Watt)  Length (ft)  Vendor 

Name  Websie  Location  Updated 
on 

1 4 Philips F32T8/TL950 T8 1860 5000 98 20000 3.5 $7 $0 $0 32 4 1000Bulbs bulbs.com/product/4722/F- Online 12-Jul-12

 General Product Characteristics  Cost Data  Vendor Characteristics 

Time 
Characteristics

Physical 
Properties

Fixture 
ID #

Fixture 
Group ID # Grpoup Name Fixture Name Fixture 

Socket

Number of 
Bulbs per 

Fixture

Balast Effect 
on Luminance 

(%)

Life Expectancy 
(years)

Fixture 
Cost ($)

Installation 
Cost ($)

Annual 
Matenience 

Cost ($)

Consumption 
(Watt)

Additional Consumption 
due to Balast Efficiency 

(watt)

Power 
Factor 

Dimensions 
(length)

Vendor 
Name Websie Location Updated 

on

8 4
Longitudinal fluorescent lamp, 4 
feet with bi-pin socket

TCP WL4WA232UNIN - Wet Location 
Fluorescent Fixture (2) Lamp 

bi-pin socket 2 0% 10 81.41 60 0 0 0 0.97 4 Online http://www.1000bulbs.c Online 20-Jul-13

Product Characteristics Cost Vendor CharacteristicsEnergy Characteristics
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Model Implementation
 Model computations were executed using GAs

Searching feasible 
alternatives

Model Databases

Generating 
initial population

Calculate BEPI

Evaluating fitness of 
solutions

Generating new pop 
using GA operators

Yes
Convergence

No
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Evaluation 
 Case Study

 Description
 Built in 1980 
 839,000 annual visitors
 Building size is 3575 square feet

 Major contributors of energy and water consumption
 Exterior and interior lighting
 HVAC system
 Water heater
 Hand dryers
 Vending machines
 Faucets, urinals, and toilets
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Evaluation – Model Results
 Model Results Decision Variables: 42

Search space: 6.6*1030
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Evaluation – Model Results

Room Recommended Replacements

Men's & women’s bathrooms, 
lobby, & information rooms

Replace 32 existing T12 U-shaped lamps of 35 W, 2235 lumens, and 18,000 hours 
life expectance with 32 T8 U-shaped lamps of 28 W, 2380 lumens, and 30,000 
hours life expectancy. 

Building Replace existing HVAC equipment with EnergyStar rated gas furnace and 
EnergyStar rated condensing units.

Vending storage Replace existing fridge with energy efficient unit.

Men's & women’s bathrooms Replace existing hand dryers of 2300w and 30 sec. drying time with touchless 
paper towel dispenser.

Building Install photovoltaic system to generate 8.5% of the total building energy demand.
…. ….

 Model Results (50K upgrade budget)
 Sample of Model Recommendations
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Evaluation – Model Results
 Model Results (50K upgrade budget)

 Sample of Solid Waste Management Recommendations

Solid Waste Recommendations

Aluminum cans Collect aluminum cans and send them to recycling

Newspaper Collect newspapers and send them to recycling

Food scraps Collect food scraps and send them to composting

Mixed paper Collect mixed paper and send it to recycling

Mixed plastics Collect mixed plastics and send them to recycling
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Conclusions
 An optimization model was developed that is capable of identifying the optimal 

selection of sustainability measures to minimize GHG and water consumption of 
existing buildings. 

 The application of this optimization model can support decision makers in their 
ongoing efforts to 

 Promote the use of sustainable measures

 Reduce building energy consumption, carbon emissions, and water consumption

 Minimize annual operational costs and environmental impacts of existing buildings
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Conclusions 
 This model is part of ongoing research which include

 LEED Optimization Model

 Environmental optimization model

 Economic optimization model

 Sustainability optimization model
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Thank You

Questions
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