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1. Background 
 

The Master’s project “Developing a Strategic Framework for Sustainability Investments in 

Real Estate” is a continuation of its preceding project (hereon MP-18) titled “Financially Viable 

Sustainability Solutions for multi-family sector” (Long & Walker, 2018). Over the course of the 

Academic year 2017-18, a team of students from the Nicholas School of the Environment, Duke 

University assisted Drucker & Falk (D&F) in its efforts towards more sustainable operations. 

Drucker and Falk (D&F) is a third-generation, family-owned, real estate management 

company that focuses on third-party fee management of multifamily residential properties. D&F 

manages more than 30,000 multifamily units in nine states. As a company, D&F is dedicated to 

lowering its carbon footprint and has implemented many efficiency projects including converting 

pools from chlorine to salt water and installing LED lighting. The potential to realize both 

environmental and financial benefits from these efforts motivated D&F to continue 

implementing sustainability projects while measuring and verifying results.  

The MP-18 team created a three-step solution. They developed a ‘Best Practices guide’ 

and four excel based models targeting total energy use, lighting, plumbing and HVAC to better 

support D&F in their decision making. (Long & Walker, 2018) The tools offer quick technological 

and financial evaluation for potential retrofits. Thereafter, they identified and audited three 

differently styled properties in the client’s portfolio to demonstrate the potential of sustainability 

practices. Eventually, they conducted bill analysis, interviewed the property managers and 

maintenance personnel to understand the usage-based aspects of property management. The 

team projected savings of nearly $1M for the whole portfolio of D&F post retrofits and efficiency 

measures. (Long & Walker, 2018).  
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2. Project 

The identified savings require a multi-level action plan that equips D&F with the necessary 

tools and provides a business strategy around it. This requires client onboarding and necessary 

infusion of capital. However, D&F operates on a fee-based model for multi-family property 

management. Revenue gets restricted to client size and margins. Any renegotiation is bound to 

be affected by owner and tenant satisfaction levels who rely on D&F for an economical and 

healthier management of property. 

The ability to evaluate the different dimensions of sustainability for the properties, and 

approach potential owners with better management models can provide a leverage for D&F to 

negotiate a better profit margin for their projects. The tenants also find value in such actions 

through reduced utility bills. These actions also bolster market trust in D&F as a dependable 

brand. Environmentally efficient and responsible functioning, healthier living spaces, lower 

operating costs and happier clientele converge towards a more sustainable business.  

To realize the vision, certain objectives were charted out for the 2018-19 masters’ project 

(hereon MP-19 team). One of objective was to build upon the results and energy tools developed 

by the previous team and assist D&F towards incorporating sustainability measures on its 

properties. Additionally, other cost-side activities were expected to be identified and evaluated 

for their business value and sustainability potential.  
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3. Solution Overview 

Over the course of the project timeline, the objectives were realized through validating 

the energy & water models created by MP-18 team on additional properties, creating an energy 

retrofit guide and introducing a best practices guide for the other major cost side activities for 

D&F managed properties that can have a large environment footprint i.e. landscaping. The next 

step was to customize the models and best practices for the maintenance managers, property 

managers, regional managers and corporate staff to be used and broadcasted for streamlined 

sustainability operations. The best way to realize this objective was found through training guides 

for the models, easy-to-use best practices guides and general sustainability practice 

documentation.  

The overarching target was to add utility for D&F through the proposed solutions, without 

additional time or effort from the daily schedules. The tools and guides developed by the two MP 

teams needed to be packaged in a way that was quick to access, easy to understand and use, and 

required minimal time consumption. For this reason, the MP-19 team partnered with a graduate 

team at Pratt School of Engineering, Duke University to create a web platform for delivering these 

outputs. A web-based platform provides easy access to decision tools and guides for the 

employees. As for the management, the same platform can help track the performance of 

properties and create a two-way communication between corporate staff and on-site staff for 

sharing knowledge and recommendations. 

  



 

 
 

8 

4. Methodology 

4.1 Landscaping 

Potential opportunities were explored beyond the energy retrofits in other cost-side 

activities that also have an environmental impact. Landscaping is one such activity that is under 

D&F’s scope but is outsourced to third-party contractors. The process followed by the MP-19 for 

understanding landscaping practices is listed as below: 

1. Conduct literature review on existing academic and industry research on the topic; 

2. Create a best-practices guide emphasizing environmentally responsible practices; 

3. Translate the guide into sign-off sheet for future contract management. 

 

4.2 Energy & Water Use 

4.1.1 Energy Audit  

To begin with, two properties were selected. The selection was based on location, 

architecture style, age, occupancy type and the duration of management under D&F. The project 

followed a three-step iterative audit process for both properties: 

I. Site Audit: 

a. Development of a quick survey guide to extract property information, electricity 

and water usage behavior; 

b. Interview property managers, site managers and collect building drawings; 

c. Collect and analyze utility bills and usage data for trends and anomalies.  
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II. Modeling: 

a. Utilize and validate the excel-based models on the additional properties; 

b. Introduce necessary reference changes in the models to strengthen them. 

III. Recommendations for retrofit and behavioral changes. 

 

4.1.2 Energy and water retrofit guide 

The results obtained from the audits conducted over the course of two years (MP-18 and 

MP-19) highlighted some best practices that could be used by D&F properties for routine 

functioning, conducting energy audits and retrofits. The retrofit guide summarized the topics into 

a single document differentiated into six categories: lighting, pool management, plug load, 

thermostat, smart metering, rooftop PV.  

 

4.1.3 Training manual 

Training manuals were created for the different retrofit tools and models listing out the 

instructions for using the different energy models developed by the MP-18 team for first time 

users. The manuals assumed minimum expertise. Moreover, given the use of specific jargon in 

the models, it was important to make it useful for external audience. 

 

4.2 Sustainability Guide 

In practice, the energy and landscaping tools can only be as good as the executors. i.e. 

the D&F employees. They are equal partners in making any sustainability initiative successful. For 

instance, a retrofit conversion of lighting into LED would make complete environmental and 

financial sense if the post-retrofit scenario allows for reduced usage in addition to energy savings. 
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Thus, the MP-19 team designed the sustainability guide document with a vision to equip the 

employees with workplace sustainability practices document for internal use at D&F.  

 

4.3 Delivery Platform 

Staying true to the original idea of assisting in decision making without resorting to 

complex time-consuming actions, a web-based delivery platform was developed in collaboration 

with the software engineering team at Pratt School of Engineering at Duke. The delivery platform 

as a website and an android based application will house the energy retrofit models and tools, 

along with landscaping best practices and sustainability documents. The solution adds mobility 

and convenience to the delivery of other solutions. The package would serve as the ultimate 

deliverable to the client, moving one step closer to adding tangible value to the idea of 

sustainability in practice. The figure below provides a basic structure of the platform which allows 

for easy access to decision tools and training documents alongside a message board that can 

serve as a communication platform to share queries and ideas.  

 

Figure 1: Main functions and flowchart of delivery platform 
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5. Landscaping 

5.1 Environmental and Human Health 

Environmentally induced health risks cause an estimated 12.6 million deaths a year (WHO 

& UN Environment, 2018). Based on the World Health Organization’s definition of “health,” it not 

only means no illness but also indicates that people feel well and happy in physical, mental and 

social spaces. The living environment has a direct impact on our well-being, both physically and 

psychologically, and influences society as a whole (Uslu et al., 2009; Guite et al., 2006). In 

communities where basic needs have been fulfilled, attention towards mental health and well-

being is increasing dramatically (Guite et al., 2006). 

Landscaping performs multiple functions for mental and physical well-being, social 

interaction, and strengthening social bonds (Uslu et al., 2009). It also serves as a public space for 

individual activities and interactions within communities, especially for tenants living in multi-

family properties. The intent of landscaping work is to encourage people to leave sedentary 

lifestyles, add relaxing features and expand green space for mental peace, and to support social 

togetherness (Uslu et al., 2009; Mutlu & Selim, 2016). Landscaping can also protect people from 

being exposed to excessive noise from the roads and surroundings (Renterghem et al., 2018). 

Landscaping is categorized as lawn, trees and shrubs, water, ecosystem, soil, planning and 

design, herbaceous, plants, urban issues, food, and materials (Reed & Stibolt, 2018). Lawns have 

been considered as the default landscape feature in every region and community. Reed & Stibolt 

indicate the size reduction of lawn can reduce water consumption, pollution, and emission of 

greenhouse gases, while at the same time supporting wildlife and offering a better living 

environment. Smaller lawns lead to less mowing, less energy, and water consumption. Also, using 

clean energy powered tools such as solar-powered, and battery-powered mowers can also 

reduce the negative environmental impacts. 
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Mutlu & Selim found that turfgrasses acted as a vital part of the landscaping and also have 

an extended ability to survive without water. With sustainable tactics, several turfgrass species 

have enormous potential to survive in semiarid climates (Mutlu & Selim, 2017). For long-run 

landscaping, drought-tolerant, native, and long-lived plants are a better choice. Xeriscaping is a 

water-efficient and holistic landscaping method that conserves water and protects biodiversity 

(Cetin et al., 2018). “Xeriscaping” is more commonly used for landscaping in dry regions. 

However, Xeriscaping is not limited just to arid and semi-arid regions but refers to a series of 

methodologies to help the landscape be sustainable and adaptive to local climate. Xeriscaping 

employs plants suitable for the local climate and utilizes a water-efficient irrigation method 

(Santo, 1991). Santo summarized the principles of xeriscaping as the planning, design, and 

practices related to irrigation and plant species as follows: 

I. Proper planning and design based on a comprehensive site analysis 

II. Limit turf areas and utilize grass species that survive the variable rainfall conditions 

III. Soil implemented to increase water absorption and retention 

IV. Use water-efficient irrigation systems 

V. Choose naturally adaptable plants 

VI. Mulch plantings to reduce evapotranspiration 

VII. Implement appropriate landscape maintenance 

From the survey conducted by researchers from North Carolina University in 13 North 

Carolina communities, the largest part of the residential landscape is lawn. The warm-season 

turfgrass species dominated the communities’ landscape because of relatively less water 

consumption than cool-season grass (Fair & Safley, 2013). Most of the survey respondents 

pointed to manual irrigation methods. The hotspot of water use was new or stressed plants. 

Based on precipitation data from 1971 to 2000, NOAA National Climatic Data Center, 

North Carolina was ranked as 9th among all states in average annual precipitation and it receives 

an average 50.3 inches rainfall per year, which is higher than the average annual precipitation 

level of the entire United States (excluding Hawaii & Alaska) of 30.21 inches per year.  Figure 7 
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shows the 30-years normal annual precipitation from 1981 to 2010. NC has observed relatively 

high precipitation over these years compared to much of the country. 

 

Figure 2: 30-years Normal Annual Precipitation 1981-2010 

However, more weather anomalies, such as frequent heavy rains and extreme droughts, 

are predicted to happen in the southern United States in the near future as per the 2008 

Intergovernmental Panel on Climate Change (IPCC) report. More intense heat waves resulting 

from a warmer climate will lead to more severe droughts in the Southern United States (Meehl 

& Tebaldi, 2004). Increased seasonal evapotranspiration (ET) was observed in North Carolina 

(Yang et al., 2017). Therefore, a water-efficient landscaping irrigation system is paramount for 

the industry and the communities. 

The 2007 NC statewide drought deteriorated the landscape industry and negatively 

affected landscape contractors. The NC government announced watering restriction for non-

essential water use, and droughts in 98 counties were classified as exceptional, extreme or severe 

drought (2007 Drought Timeline, WRAL.com). The prolonged drought cut down landscape 

installation projects and set challenges to landscape maintenance for local landscapers (Fair & 

Safley, 2013). Hence, the North Carolina Green Industry Council (NCGIC) assembled all groups 

related to the landscaping industry and helped to develop solutions for high-efficiency landscape 
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water use.  From the survey conducted at that time, 74% of the participants had made no changes 

for both indoor and outdoor water use, despite several educational programs and campaigns. 

Thus, watering restriction and unique educational tactics are necessary to achieve water 

conservation goals. 

 

5.2 Scope of Improvement 

The “Smart Irrigation” technologies include evapotranspiration (ET)-based controllers and 

soil moisture sensor (SMS) controllers (McCready, Dukes & Miller, 2009). McCready et al. tested 

the effectiveness of smart technologies compared with traditional time-based irrigation, and 

smart technologies were proved to reduce irrigation water use. Rain sensors can also achieve 

substantial irrigation savings and promote turfgrass quality.  However, Fair and Safley found that 

rain sensors cannot always save water as they did not operate as expected because of the lack of 

equipment use awareness. For instance, rain sensors were not replaced in a timely fashion if they 

failed, and the system was not always properly installed. Besides, the site and environmental 

data input required for the smart system was not consistent with the real data (Fair & Safley, 

2013). All these misuses emphasize the importance of the education program and training 

module for sustainable landscape development. 

For property management services, complying with State law should be one of the 

determinants for landscape contractor choosing process. Water conservation educational tools 

are listed on the official website of NCSU Crop Science Turf Irrigation Management System 

(TIMS), the NCGIC “Water Wise Works!” program and Duke Superfund Research Center (Fair & 

Safley, 2013). However, 84% of the respondents hadn’t utilized the resources and even hadn’t 

heard of them either. Moreover, 87% of the respondents didn’t know the North Carolina state 

law that the professional irrigation contractors are required to be licensed by the North Carolina 

Irrigation Contractors’ Licensing Board (Fair & Safley, 2013). 

Besides educational resources, the technology advantages also have not been fully 

discovered by the green industry although contractors tend to have a greater reliance on 
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technology (2018 Technology Report, Lawn and Landscape). From the survey and interviews with 

contractors all over the country, most contractors use software for payroll or accounting, and 

more than half of the contractors use software for scheduling. However, contractors don’t use 

software frequently while managing landscaping resources, such as material inventory, water 

management services, and landscape drawing. Therefore, expanding software usage to 

landscaping features potentially increases the efficiency of working and training. 

Improper landscaping activities cannot only cause water wastage but also pollutant 

transfer, posing a negative impact on ecosystems (Fritsch et al., 2011) and hindering human 

health. Fritsch et al. indicated that trace metals, including Cd, Pb, and Zn, can be transferred from 

soil to animals. Trace metal concentrations increase with soil pollution.  

 

5.3 Landscaping Guidance and Recommendations 

Drucker & Falk, a multifamily property management service company, cooperated with 

local landscape contractors to achieve a greener and healthier living environment for residents 

and communities. The properties have the potential to achieve a more sustainable and enjoyable 

landscape and develop climate-wise landscaping methodologies to mitigate climate and 

undertake the social responsibility for our environment. 

Based on the on-site interview with property managers, landscape contractors bid for 

yearly contracting. The landscape budgets of properties vary. Each property chooses landscape 

contractors based on cost considerations. The property managers from Drucker & Falk currently 

use the landscape maintenance agreement and calendar as shown in Appendix 2 and 3. The 

content of the agreement falls short of providing information on environmental considerations. 

Property managers only have the maintenance schedule, and no specific landscaping standards 

to adhere to; nor do they have a set of recommendations to provide to their landscape 

contractors. Besides, property managers recruit landscape architects for renovation, but no 

sustainable practices are provided to the architects (On-site interview, 2019). Therefore, 

adopting a sustainable landscaping approach, providing best practice guidance for contractors 
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are immediate viable actions for Drucker & Falk. Also, property managers are recommended to 

evaluate contractors not only based on cost-effectiveness but also cost-benefit aspects, including 

the level of sustainable practices adoption and performances of contractors. 

From the U.S. Environmental Protection Agency (EPA), an estimated of 50% of the 

residential outdoor water is wasted through natural reasons, including runoff, wind, evaporation, 

and improper irrigation system design, poor installation and maintenance. Generally, landscape 

watering is supplemental to natural precipitation and is determined by landscape size, plant 

palette, local climate, irrigation efficiency, and human behavior. North Carolina is relatively rich 

in water, and landscape water use should be below average. 

Three tactics provided by EPA WaterSense program can estimate irrigation water use in 

multifamily properties. First, properties can install or replace the existing irrigation system to a 

dedicated meter, which can monitor the water use and identify leakage. The dedicated irrigation 

meter or submeter is by far the most effective way of tracking the outdoor water use. 

Additionally, substitutes for potable water sources, such as condensate from air conditioning and 

collected rainwater, can be used for irrigation. WaterSense labeled products, which are certified 

by EPA with its efficiency and performance criteria, should be considered while choosing 

equipment. However, dedicated irrigation meters installation is relatively time- and money-

consuming, property managers might consider budget constraint for that. Installation of an 

automated irrigation system is not required to maintain Ordinance-required plantings (Durham 

City-County Department, 2015). 

The second method is doing a seasonal comparison between irrigation seasons (such as 

the period from April to September) and non-irrigation seasons (such as the period from October 

to March). The difference is equal to the total annual irrigation water use of the property. 

However, if there are other water sources used, the method might be less reliable (EPA 

WaterSense Program, 2017). 
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Another method is utilizing the WaterSense Water Budget Tool1 (Appendix 3), which is an 

Excel-based model for landscape water budget. It can help property managers calculate baseline 

landscape water use, water efficiency based on local climate data, and annual water and money 

savings through landscape design and irrigation method alteration (Table 8). The last method 

recommended by EPA is estimating water use based on the information of emission devices and 

irrigation schedule. Due to the complexity of the calculations, working with certified irrigation 

professionals is recommended (EPA WaterSense Program, 2017).  

 

 

 

                                                        
1 WaterSense Water Budget Tool. EPA. Available at: https://www.epa.gov/watersense/water-budget-tool 
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Table 1: Water Budget Input-Output Table2 

Water Budget Tool Input Output 

Part 1  

 

Baseline & landscape 

water allowance (LWA) 

● Basic information with site location 

● Peak irrigating month 

● An irrigation system being installed on 

this site, yes or no? 

● Landscape areas (square feet) 

● Average monthly reference 

evapotranspiration3 

● Monthly baseline (gallons/month) 

stand on the site’s peak watering 

month 

● Monthly landscape water 

allowance (LWA) (gallons/month) 

based on the peak irrigating 

month 

Part 2  

 

Landscape water 

requirement (LWR) 

● Average monthly rainfall at the site for 

the peak watering month 

● Landscape water requirement table, 

including areas of landscape feature 

area (sq. ft), plant type, and irrigation 

type 

● Monthly landscape water 

requirement (LWR) 

(gallons/month) based on the 

peak watering month 

Part 3 

 

Results 

● LWA and LWR 

● The turfgrass area (sq. ft) and accounts 

for what percentage (%) in the 

designed landscape 

● The designed landscape meets the 

water budget criterion, yes or no? 

If not, redesign the landscape 

and/or irrigation system to save 

water. 

● The percentage of water use 

reduction, compared to the 

baseline. 

                                                        
2 WaterSense Water Budget Tool. EPA. Available at: https://www.epa.gov/watersense/water-budget-tool 
3 Average monthly reference evapotranspiration can be obtained from Water Budget Data Finder. Available at: 
http://www.epa.gov/watersense/water-budget-data-finder 
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5.3.1 Landscaping Guidelines 

For the design phase of landscaping, site preparation lays the foundation for further 

savings by reducing water loss and waste generation. Site preparation includes native vegetation 

and soils preservation, soil compaction minimization, fence installation for root protection, and 

soil management (EPA WaterSense Program, 2017). The removal of existing plants should be 

limited because natural vegetation is adaptive to the current condition, such as soil, climate, and 

rainfall, hence, they can be easily maintained by natural rainfall and require no extra water. Soil 

compaction can be minimized by restricting heavy equipment in working areas because 

compacted soil prevents root growth. Temporary pre-protective fence installation is critical to 

protect root zones of plants and increase the landscaping efficiency. Soil amendment, such as 

compost and lime, can help achieve optimal pre-condition of soil where plants will grow. 

Additionally, during design phase, terrace installation, which is a water saving tip especially 

compared to landscape with sharp slope, can restrict runoff and save water (EPA WaterSense 

Program, 2017; Durham City-County Department, 2015). 

Plant selection can potentially save unnecessary water use. The selection should be based 

on site conditions, including soil and climate conditions. Plants that are self-adaptive to the local 

environment should be preferred over “outsiders.” Climate-appropriate turfgrass and other 

plants can be good choices. Durham City-County Department recommends choosing warm 

season turfgrass varieties as they can decrease watering if placed strategically. In choosing new 

plants for the properties, climate-adaptive and drought-tolerant plants should be preferred 

(Table 2). Irrigating new plants needs to be within the plants’ drip line, utilizing a low-pressure 

and water-dispersing equipment. Considering maintenance need, plants should be grouped with 

similar irrigation requirements and volume of irrigation water so that plant species require less 

water can avoid being over-watered (Durham City-County Department, 2015). Turfgrass 

installation in small areas, such as parking lot islands and grass belt between the sidewalk and 

street, is not recommended due to excessive water consumption and difficulty in maintenance. 
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Table 2: Characteristics of Drought-Tolerant Plants 

Features of plants Drought Tolerant Characteristics 

Leaves Waxy, fleshy, and small leaves; have leaf hairs 

Lobes Deep leaf lobs 

Habits group living; graded soil adaptation 

Survival length Long-lived 

Pattern Upright growing pattern 

 

Strategically installed trees can reduce water consumption because shaded areas typically 

require less water than areas directly exposed to the sun. Moreover, the potential energy cost 

savings through reduced air-conditioning can be accomplished via landscaping tactics, planting 

trees and other vegetation to create shades on the south-facing wall of a building (EPA 

WaterSense Program, 2017; Reed & Stibolt, 2018). Properties can install green infrastructure, 

including bioswales (a linear swaled drainage system), rain gardens (a garden on a natural slope), 

and bioretention ponds (a stormwater runoff filtration system via soil planting bed), which are 

self-sustaining, easy-to-maintain, and they capture and absorb almost 40% more runoff than 

normal lawns. Rain gardens and bioswales are also regarded as a method to absorb and manage 

stormwater (EPA WaterSense Program, 2017; Reed & Stibolt, 2018). However, these have higher 

upfront costs and require a longer installation time. 

As per the D&F property managers, site preparation and plant selection are not included 

in landscape tasks for the properties because the landscapes had already been installed. 

Maintenance is the largest proportion of work conducted by landscape contractors (on-site 

interview, 2019). However, if property managers consider implementing thorough landscape 
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renovations, the climate-wise and water-effective landscape recommendations provided by EPA 

WaterSense Program and Durham City-County Department are useful guides for landscape 

design and construction.  Water-efficient landscape maintenance is essential for sustainable 

property management. Moreover, for D&F, sustainable maintenance tips are relatively more 

feasible and workable than changing landscape design to achieve short-term sustainability and 

water-efficiency goals.  

Pre-landscaping soil testing helps contractors better understand the soil texture, 

infiltration rate, and quantity of nutrients needed. Without testing results, uninformed fertilizer 

application can become problematic for both landscape management and have negative 

environmental consequences. Over-fertilization can lead to nutrient discharge and therefore, 

cause unwanted waste and contaminate surface water and groundwater, potentially resulting in 

stunted growth of plants, interfere with soil chemical balance, and cause environmental 

impairment (Durham City-County Department, 2015). NC Department of Agriculture provides 

free soil testing for nutrients and pH value. Duke Superfund Research Center and multiple labs 

conduct tests for heavy metals, organics, dioxins, polycyclic aromatic hydrocarbons (PAHs) and 

polychlorinated biphenyls (PCBs)4. 

Buildings constructed before 1978 are regarded as potential sources of lead because lead 

can enter the neighboring soils (Duke Superfund Research Center; EJSCREEN, EPA). Lead-based 

paint was commonly used due to its durability but was later banned because of its neurotoxic 

effects5. Among the properties audited by the student team, Raleigh Apartment and Sumter 

Square were built in 1938 and 1967 respectively and could be suffering from potential risks of 

soil contamination. Soil testing and further treatment activities can push for sustainable, secure, 

and cost-effective landscape management. 

                                                        
4 Information for free soil testing provided by NC Department of Agriculture is available at: https://chatham.ces.ncsu.edu/soil-
testing-for-lawns-and-gardens/; More soil testing information can be found on Duke Superfund Research Center website, which 
is available at: https://sites.nicholas.duke.edu/superfund/gardens/#link5. 

5 How are children exposed to lead? National Center for Environmental Health, Centers for Disease Control and Prevention. 
Available at: https://www.cdc.gov/nceh/lead/tips.htm 
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Soil management follows soil testing. For soil management, nutrient holding capacity and 

soil drainage are critical for maximizing the water efficiency of the landscape (Durham City-

County Department, 2015). Mulch serves as an excellent physical barrier: it suppresses, and 

controls weed by light exclusion and moisture blockage (Richardson et al., 2008); it can also 

adjust soil temperature and conserve soil moisture and prevent weed growth which competes 

with plants for moisture and nutrients (Saha et al., 2018). Proper mulch material choices cannot 

only achieve mulch’s functionality but add aesthetic value. Organic mulches, such as hardwood 

slices, and inorganic mulches, such as stone or gravel, are frequently used for their low-costs. 

Stones also fulfill landscape design and architecture needs, adding artistic value (Saha et al., 

2018). 

Overseeding and over-irrigation stimulate grass growth and increase the frequency of 

mowing required, making the lawn a “carbon source” rather than a “carbon sink” (Reed & Stibolt, 

2018). To achieve a natural and healthy landscape, manually pulling weeds is preferable than 

using herbicides because of potential water contamination. Alternatives to manually pulling 

weeds include natural and organic maintenance products, such as corn gluten, a weed killer and 

fertilizer used in pre-emergent phase. These practices can also achieve healthier soil conditions 

than conventional tactics and form a virtuous cycle raising the lawn’s capability to resist disease 

and pest invasion (Reed & Stibolt, 2018). Weed control fabric is not a water-efficiency practice 

because the fabric will decrease the water, air, and nutrient penetration into the root ball 

(Durham City-County Department, 2015). 

Pesticides and synthetic fertilizers should not be used for eco- and environmental-friendly 

landscape. Reed and Stibolt encourage that contractors use integrated pest management (IPM) 

that can minimize the health risks of using pesticides and control pests in an ecological way, 

including beneficial organism application, such as the use of birds, frogs, predatory insects; and 

pest growth prevention, such as emptying standing water regularly, and environment-adaptive 

plant selection. Not using pesticides and synthetic fertilizers can benefit the landscape in the long 

run because a mixture of turfgrass and various plants can help diversify the lawn and decrease 

the lawn’s vulnerability to pests (Reed & Stibolt, 2018). 
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Plant roots cannot easily penetrate compacted or hard clay soil as it has relatively less air 

than normal soil. Aerating soil can lighten up the soil and make it porous. This allows for rootlets 

growth (Planter, 1905). The partially rotted and coarse stable manure can be applied into the 

soil, and the decaying can help air passages to form which roots can penetrate to better feed 

upon the nutrients in soil (Planter, 1905). Additionally, solar, electric, propane- and battery-

powered maintenance equipment can be chosen as they cause relatively small noise pollution 

and minimal air pollution. Finally, the power tools need to be utilized and maintained properly, 

such as cleaning equipment regularly, keeping the equipment in good condition to achieve the 

most efficiency. 

The optimal irrigating time is pre-dawn as this timing helps with moisture absorption and 

disease control. Over-watering can result in enormous surface runoff and low water-efficiency. 

Contractors should reduce irrigation frequency but irrigate thoroughly, which helps roots grow 

deeper and they can develop tolerance to drought. Reducing the speed of grass growth with less 

irrigation is not detrimental to landscape but reduces the frequency of mowing and saves energy 

(Reed & Stibolt, 2018). 

During droughts, it’s crucial to avoid over-fertilization because nutrients will stimulate the 

plants’ growth and increase water consumption (Durham City-County Department, 2015). In 

addition, a brown lawn might indicate the dormancy of the grass, which is a natural process. Reed 

and Stibolt stated that climate-wise landscape is to green up the grass in summer and allowing 

browning in winter. For water-features of the landscape, annual check and maintenance are 

required to avoid potential water leakage. 

Trained and certified landscape professionals are recommended for their proficiency in 

water-efficient and climate-friendly landscaping. Staff should be encouraged to attend courses 

or seminars for water-efficient techniques for a more synergistic landscape management system 

(EPA, 2017). 
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5.4 Best Practices Guide 

Outdoor residential landscaping uses about 9 billion gallons of water per day (EPA, 2017). 

As noted above, on average as much as half of this water escapes unused every year. This wastage 

has environmental impacts through chemical run-off and local water scarcity. There are also 

financial costs involved for D&F through additional utility bills for the wasted water. 

For D&F, there is scope for improvements on two fronts. Firstly, reducing the amount of 

water required through better landscaping practices discussed in the section above and secondly, 

through tracking the water use to detect leakage and offseason anomalies. The former has been 

summarized as a best practices document for D&F to follow for their landscaping contracts. The 

guidelines are based on Durham county and EPA guidelines for multi-family housing landscaping. 
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Table 3: Landscaping Best Practices Guide (based on EPA Landscaping and Irrigation Guide, 2017) 

Parameter Purpose Action 

Soil Health To understand chemical composition for 

any past leakages and possible pests. 

Important for properties that use lead 

piping and paints 

Soil testing, kits 

provided by local 

counties, superfund 

managers, track 

frequency of testing 

Mulching & 

Aeration 

To retain nutrients and moisture, while 

also allowing water and fertilizers to pass 

through. 

Mulching and aeration 

plan 

Regulated 

Watering 

Overwatering can lead to chemical run-

offs and  

Annual irrigation plan 

based on plant 

selection  

Drainage 

control 

Allows adequate movement of water and 

chemicals through the landscape and 

prevents unnecessary pools and run-offs 

Landscape topography 

plan, artificial leeway 

Chemical use Allows responsible use of chemicals Chemical use plan 

based on intended 

plant choice and 

irrigation plan 

Auditing To identify faulty infrastructure and 

overuse  

Monthly bill tracking 

through meters along 

with comparison, 

identify anomalies 
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6. Energy & Water Retrofitting 

Buildings account for 40% of the total energy consumption in the world and have 

considerable potential for energy saving (Cao, 2016). Historically, public authorities have favored 

energy efficiency strategies and sustainable design in new buildings, while energy efficiency 

retrofits in existing buildings have been largely ignored (Laponche, Energy Efficiency Retrofitting 

of Buildings - Challenges and Methods, 2012).  

Energy retrofitting of existing buildings is becoming indispensable in all economies- even 

emerging countries – given the constraints imposed by energy security and climate change, but 

also because retrofitting promises considerable potential energy and cost savings. Addressing 

energy efficiency in the existing building stock has been acknowledged as one of the most critical 

yet challenging aspects of reducing our environmental footprint on the ecosystem. 

(KarinSchanes, 2016) 

The MP-18 team created analytical models to evaluate retrofitting decisions for energy 

use optimization. These models were designed to accept basic user inputs for retrofitting 

decisions, calculate cost savings and environmental benefits, and display the results as a cash 

flow analysis and ROI (return on investment) calculation for decision making (Appendix 1). The 

present team took upon itself to validate the models by conducting walkthrough audits for two 

additional D&F’s properties. The reports from these audits are presented below. Table 4 below 

differentiates the work done by the two Masters’ project teams.   
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Table 4: Task Comparison MP-18 and MP-19 

 MP-18 MP-19 

Model ● Developed interactive models with 
excel. 

● Revised and verified interactive models. 

● Adjusted models for app development 

Audit ● Conducted energy audits for three 
properties: City Block, Avalon Peaks, 
and Woodland Creek. 

● Conducted energy audits for the other two 
properties: Sumter Square and Remington 
Place Apartments 

Analysis ● Conducted utility data analysis and 
hotspot analysis. 

● Conducted utility data analysis and hotspot 
analysis. 

Recommendation ● Provided specific recommendations 
for each property and created a best 
practices guide. 

● Expanded and generalized recommendations 
and best practices to create a retrofit guide 

 

6.1 Interactive Models 

MP-19 team retained the same interactive excel models developed last year to conduct 

environmental and financial analyses for building retrofits. These models are designed as user-

friendly tools, allowing property managers to enter basic inputs, calculate cost savings and 

environmental benefits automatically, and display the results in a cash flow analysis (Long & 

Walker, 2018). A brief introduction of models is shown in Table 5 below. 
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Table 5: Interactive Models 

Model Function Input 

Lighting Retrofit 
Model 

● Analyze the financial and environmental 
benefits of retrofitting lightbulbs. 

● Parameters of bulbs including voltage, 
price, number, fixture type, lifespan, 
etc. 

Plumbing Retrofit 
Model 

● Analyze the financial and environmental 
benefits of retrofitting showerheads, 
faucets, and toilets. 

● Parameters of showerheads, faucets, 
and toilets including fixture type, 
number, price, the rate of flow, etc. 

HVAC & Building 
Envelope Model 

● Return cash flows to quantify the 
reduction in conductive heat loss/gain. 

● Parameters of buildings’ envelope and 
mechanical equipment including 
surface area, insulation quality, factors 
of the heat pump. 

Energy Diagnostics 
Model 

● Calculate the building’s energy use 
intensity (EUI). 

● Building’s age and size. 

 

6.2 Property Audits 

6.2.1 Method 

The MP-19 team followed the same methods as the MP-18 for property audits on two 

D&F-managed properties: Sumter Square and Remington Place Apartments. The team conducted 

on-site visits, monthly bills disaggregation analysis, performed interactive models to identify 

workable conservation measures in electricity and water usage. Tenant properties were kept out 

of the scope of the audits as the occupants pay for their own energy usage. 

 

6.2.2 Site Visit 

During the visits, the team visited all common spaces and a model unit, recorded electrical 

equipment and mechanical equipment. The team also interviewed property managers and 

maintenance managers to discuss the resident composition, appliance and lighting schedules, 

equipment usage pattern, and maintenance schedule. 



 

 
 

29 

 

6.2.3 Monthly Bills and Electricity Disaggregation 

For each property, the MP-19 team collected historical monthly bill data from property 

managers. Then the team put bill data into excel spreadsheets and plotted graphs to analyze 

average monthly trends and anomalies to conduct electricity use analysis6. Historical monthly 

bills were further used for hotspot analysis7, which identifies the major electricity using source.  

While visiting the properties, MP-19 team counted/estimated the number of lightbulbs 

and counted lighting types. The team consulted property managers to collect assumptions on 

lighting schedules. The nameplate and model parameters of each appliance were collected to 

estimate power and working schedule assumptions help estimate the hours of use. The electricity 

usage for lighting was calculated with estimating wattage and working hours. The team followed 

the same process to estimate electricity usage of plug loads.   

Outdoor swimming pools in Sumter Square and Remington Place Apartments are usually 

shut down in late October and reopened in April. The properties do not drain out water during 

the offseason period, and the swimming pool pumps are kept running 24 hours per day. The team 

multiplied pump nameplate capacity by 24 hours to get daily electricity usage, which was 

multiplied by the number of monthly working days to figure out the monthly average pool pump 

electricity use. 

6.2.4 Electricity Use Analysis and Hotspot Analysis 

Due to electricity is the major energy consuming source of the properties, the team 

conducted the Electricity use analysis to analyze the annual electricity consumption to identify 

the usage peaks and troughs and potential anomalies.  The team also created data visualizations 

to identify the hotspots of electricity by type and end-user to estimate major electricity 

                                                        
6 Electricity use analysis: it’s a monthly electricity usage plot reflecting consumption peaks and troughs across the 
time. 
7 Hotspot analysis: It’s a pie chart presenting major electricity consuming end-users. The team MP-19 focused on 
the major end-users and identified potential anomalies. 
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consuming source. After hotspot analysis, the team used interactive models to identify workable 

conservation measures.  

 

6.3 Results  

6.3.1 Property 1: Sumter Square 

6.3.1.1 Property Overview 

Sumter Square is an apartment complex located on the edge of Cary with a Raleigh 

address. The property was completed in 1967 and contains 391 units with accessibility to a 

shopping mall, NC State University, and Meredith College. Due to its location and resident-

friendly campus, Sumter Square attracts students, young professionals, and retirees. 

Sumter Square has a walkable campus which includes two outdoor swimming pools, two 24-Hour 

fitness centers, a shared laundry room, and shared sports courts. The community amenities also 

include on-site pre-school, on-site maintenance office, fun-filled playgrounds, a picnic area with 

grills, and walking access to public transportation.  

 

6.3.1.2 Baseline Data 

Sumter Square uses electricity for its common areas with the exception of room heating 

and laundry room appliances that employ natural gas. After analyzing previous three years 

monthly bills, the MP-18 team found on average, the common area of Sumter Square including 

leasing office, fitness center, laundry room, and exterior lighting uses average 140, 000 kWh 

electricity per year, costing about $21,000. Sumter Square closes its leasing office only three days 

for holiday per year. Using the diagnostic model, the leasing office at Sumter Square has an 

estimated annual energy use intensity (EUI) of 45 kBtu/ft2. The Department of Energy has 

created a Building Performance Database to provide benchmark EUI data for various types of 
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buildings. For multi-family apartment building built before 1980 have an average EUI of 43 

kBtu/ft2. (U.S. Department of Energy, 2018). Compared to the benchmark value of 43 EUI, Sumter 

Square’s EUI deviation of two points is an indication that its leasing office is operating efficiently 

but still has a slight room for improvement.  

The leasing office in Sumter Square has a seasonal trend in electricity usage. There are 

two peaks, one in summer and one in winter. It makes sense as the property uses electricity for 

both heating and cooling. Also, because a considerable portion of its residents are students and 

young professionals at North Carolina Central State University, the peak occurs as the new 

semester begins. On average, the electricity usage is highest in December for heating and lowest 

in April. The average monthly electricity usage curve for the leasing office is shown below (Figure 

3). If we take other common areas like maintenance office, laundry room, and fitness center into 

consideration, the monthly electricity usage shows a similar variation pattern in Figure 4.  

 

Figure 3: Sumter Square-Average Monthly Electricity Usage 
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Figure 4: Sumter Square- Monthly Electricity Usage 

 

6.3.1.3 Hotspot Analysis 

The monthly bill analysis showed that common area lighting is shown to be responsible 

for 76% of the electricity consumption Figure 5. 

 

Figure 5: Disaggregation Analysis- Monthly Electricity Usage Comparison 

The breakdown of monthly average electricity consumption by end use can be seen in Figure 6. 

The largest end use of electricity is seen at the leasing office (4200 kWh/month), followed by 
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laundry room & fitness center joint unit (3250 kWh/month). The maintenance office consumes 

approximately 21% (2500 kWh/month) of the total electricity. 

 

Figure 6: Sumter Square- Electricity Consumption Breakdown by location 

 

6.3.1.4 Property Audit Summary  

Lighting Efficiency 

Based on disaggregation analysis (Figure 3), lighting accounts for more than 70% of 

monthly electricity usage. Lighting along the walk paths and parking areas consist of a variety of 

High-Pressure Sodium lights of wattages: 48 kW, 86 kW, and 168 kW, outside the control of D&F 

Hence, the decision to retrofit them lies outside their scope of work. The property has LED and 

CFL fixtures covering more than 80% of its common area including leasing office, fitness center, 

and maintenance office. Currently, most of the common area is lit with 40-watt and 80-watt T8 

tube lights. The exception is the use of LED Candle bulbs for decoration in the leasing office. 

  The bulbs used in the common areas at Sumter Square pass the minimum efficiency 

requirement suggested in the best practice guide. The property manager and maintenance 

manager updated the MP-19 team that they replaced existing bulbs with LED or CFL bulbs for 
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free with the collaboration of Duke Energy. The MP-19 team recommends Sumter Square could 

continue the cooperation with Duke Energy to replace the rest of the bulbs. 

Plug Loads 

As shown in Figure 5, plug loads consume roughly 17% of the annual electricity use. The 

equipment at the leasing office is adjusted for occupant behavior, and the staff uses them 

efficiently. The washing machines and dryers in the laundry room don’t have the ENERGY STAR 

label but meet the required energy efficiency standards. Air-conditioning units can be another 

major source of electricity consumption. The property manager updated the MP-19 team that 

Sumter Square replaced their air-conditioning units in recent years. The MP-19 team 

recommends retaining the current equipment.   

Water Efficiency 

All water fixtures at Sumter Square meet the standards set in the best practices guide, 

and no retrofits are recommended. As fixtures and toilets need to be replaced, it is recommended 

to use the retrofit guide to select items that meet the minimum requirements.  

 

6.3.2 Property 2: Remington Place 

6.3.2.1 Property Overview 

Remington Place Apartments is a multifamily apartment community in the heart of 

Raleigh. Completed in 1985, the property has 12 buildings which contain 136 units. Surrounded 

by a wooded landscape, with beautiful Lake Johnson bordering the community, it provides a true 

“cabin-in-the-woods” feel for residents. (Remington Place, 2019) The property is just minutes 

from museums and less than two miles from North Carolina State University attracting both 

families and students due to its great amenities. Its common amenities include a 1,200 ft2 swimming 

pool, a fitness center, and two dog parks.  
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6.3.2.2 Baseline Data 

Instead of a shared laundry room, each residential unit is equipped with a washer and a 

dryer and occupants pay for their usage. Remington Place uses electricity as the main energy 

source and some natural gas for room heating at the leasing office. On average, Remington Place 

uses 115,000 kWh electricity per year, costing about $156,000 for its common area. Remington 

Place uses roughly 46,000 kWh electricity per year for its leasing office. Using the diagnostic 

model, the leasing office in Remington Place has an annual energy intensity EUI of 45 kBtu/ft2. 

Remington Place has the same EUI as Sumter Square. However, the benchmark EUI for apartment 

buildings built after 1980 have an average 41 kBtu/ft2; therefore, Remington Place is 10% higher 

than the EUI of comparable peer buildings (U.S. Department of Energy, 2018).  

Because of its wooded landscape and being bordered by Lake Johnson Park, Remington 

Place doesn’t suffer from hot summers. This is corroborated by the billing data which shows that 

the leasing office only has an electricity consumption peak in winter for heating. On average, 

electricity usage is highest in December and January for heating and lowest in April. The average 

monthly electricity usage curve for leasing office is shown below Figure 7. 

 

Figure 7: Remington Place- Leasing Office Monthly Electricity Usage 
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6.3.2.3 Hotspot Analysis 

Unlike the other property (Sumter Square), there is no shared laundry room on the 

property. Drucker & Falk only pays for gas consumption for leasing office’s room-heating. The 

maintenance shop only houses the tools, while the maintenance manager works in the leasing 

office. The Fitness center and the outdoor swimming pool are attached to the leasing office, and 

all of them share the same meter. 

 

Figure 8: Remington Place- Electricity Consumption Breakdown by End-Use 

The breakdown of monthly average electricity consumption by end use can be seen in 

Figure 8. The largest user of electricity is the leasing office (4200 kWh/month). According to the 

feedback from the property manager, D&F pays the electricity bills for the exterior lights for its 

residential buildings, along with the vacant apartments. The monthly bill analyses revealed that 

Apartment #202 has been vacant for a year. However, apartment #202 (vacant room #202 in 

Figure 8) consumed an average of 2,400 kWh per month, which is abnormally high for a vacant 

apartment where an average occupied apartment usually much lesser electricity. The meter of 

the building #7 is shared by the building which consists of ten large-size 1,005 ft2 apartments, 
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maintenance workshop, and exterior lighting, consumes 13% (1370 kWh/month) of total 

electricity. 

 

6.3.2.4 Property Audit Summary  

Lighting Efficiency 

Lighting constitutes more than 80% of the monthly electricity usage. Remington Place has 

replaced most of the lights in the community with LED bulbs with the cooperation of Duke Energy. 

The property has municipal lights along the roads and also has its street lights along the walking 

path. Remington Place installed photocells to automatically control its street lights and save 

electricity when not needed. On the contrary, some photocells are installed under tree shades 

which keep those lights on even during daylight, which wastes electricity. The MP-19 team 

recommends Remington Place could continue the cooperation with Duke Energy to replace the 

rest of bulbs and adjust the location of current photocells to avoid electricity wastage. 

Plug Loads 

The electric appliances in the leasing offices include printers, computers, and monitors. 

The equipment is adjusted to occupant behavior and functions efficiently. The fitness center is 

attached to the leasing office and is routinely checked by the staff for unnecessary electricity use. 

The MP-19 team recommends retaining the current equipment and working schedule.   

Water Efficiency 

Water fixtures in the leasing office include washing sinks and toilets with a low-traffic 

usage pattern. All water fixtures meet the energy efficiency standard, and no retrofits are 

recommended. As fixtures and toilets need to be replaced, it is recommended to use the retrofit 

guide to select items that meet the minimum requirements.   
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7. Energy & Water Retrofit Guide 

Over the course of two years, the two MP teams conducted energy audits on five 

properties, including City Block, Avalon Peaks and Woodland Creek (MP-18) and Sumter Square 

and Remington Place (MP-19). This year, the MP-19 team summarized experiences and designed 

an energy retrofit strategy guide to provide feasible and profitable conservation methods to help 

Drucker & Falk improve energy efficiency for their properties.  

7.1 Electricity 

7.1.1 Lighting Retrofit 

Lighting retrofit is considered significant for apartment complexes given the potential 

efficiency and security benefits. The properties built before the 1980s rely on older fixtures to 

brighten pathways, parking area, and the exteriors.  

Upgrading an existing lighting system is ceasing to remain cost-prohibitive. While LED 

bulbs cost more in the early stage than fluorescents, modern LED fixtures quickly pay for 

themselves with their superior efficiency and quick payback periods. 

Energy efficient light bulbs have performance advantages over traditional incandescent 

bulbs. They use about 25%-80% less energy than traditional incandescent bulbs and last up to 25 

times longer than incandescent bulbs. Table 3 below compares a 60W traditional 43W 

incandescent with energy efficient bulbs that provide similar light levels. (U.S Department of 

Energy, 2018). 
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Table 6: Comparison between Traditional Incandescent, Halogen Incandescent, CFLs and LEDs 

  60W Traditional 
Incandescent 

43W Energy-
Saving 

Incandescent 

15W CFL 12W LED 

60W 
Traditional 

43W 
Halogen 

60W 
Traditional 

43W 
Halogen 

Energy $ 
Saved (%) 

- 25% 75% 65% 75%-80% 72% 

Annual 
Energy 
Cost* 

$28.80 $21.00 $7.20 $6.00 

Bulb Life 
(hours) 

1,000 1,000 to 3,000 10,000 25,000 

* Based on 12 hrs/day of usage, an electricity rate of 11 cents per kilowatt-hour, shown in U.S. Dollars. 

During the onsite visit, the MP-19 team learnt that Sumter Square and Remington Place 

have upgraded 80% percent of lights in common area to CFL and LED energy-saving bulbs. Based 

on interviews with property managers and maintenance managers, the advantages of lighting 

retrofit are apparent through reduced electricity costs, improved brightness, and lower 

maintenance costs. Cooperating with a local electricity supplier, Duke Energy has been assisting 

in lighting audits and have provided energy-saving bulbs (including LEDs) for the properties for 

free. The support from Duke Energy brings down the initial cost of lighting retrofit and shortens 

the payback period. 

The MP-19 team suggests that the property managers can proactively work with local 

electricity suppliers like Duke Energy to conduct lighting retrofits. Based on the analysis of the 

MP-18 team and feedbacks collected by the MP-19 team, properties with a higher percentage of 

LED and CFL coverage are more energy-efficient. Light retrofit benefits the properties 

immediately with a high NPV and a less than half of a year payback period. (Long and Walker, 

2018) 
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7.1.2 Lighting Control and Scheduling 

The property keeps lights on for various reasons including aesthetics, illumination, and 

safety. However, in a medium-traffic or low-traffic shared room, lights are often left on for long 

periods without noticing. This is where lighting control and scheduling can help reduce wasted 

lighting.  

Lighting control systems for common spaces can help improve electricity use. 

Additionally, having a handy lighting schedule for lighting systems that indicates which lights 

should be on and which should be off during the day can prove useful. For properties with a 

building automation system (BAS), lighting schedules can be set and adjusted in the system.  

However, for residential properties under consideration, BAS is not cost-efficient given its high 

upfront costs. In the short term, MP-19 team recommends putting signs next to lights and electric 

equipment in common area to enhance awareness of employees and occupants. In the long run, 

using lighting controls to turn lights on and off as needed can help minimize energy use. 

Automation is a more reliable method than a manual check to avoid wasting electricity. Currently, 

the most common types of lighting controls include:  

● Dimmers  

● Motion, occupancy, and photo-sensors 

● Timers  

Without the need to install complicated wiring, light dimmers save energy by reducing 

the flow of electricity to the bulb and allows lights to operate with lower power outputs. 

However, light dimmers have a specific technologic limitation on the bulb types. Before adopting 

lighting dimmers, it’s necessary to check the compatibility of lighting bulbs. 

Motion sensors automatically turn outdoor lights on when they detect motion and turn 

lights off a short a while later. They are very useful for outdoor security, utility lighting, and fitness 
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centers. Because utility lights and some security lights are needed only when it is dark, and people 

are present, the best way to control is a combination of a motion sensor and photo-sensor. 

Occupancy Sensors detect indoor activity within a certain area. They save energy by 

turning lights on automatically when residents enter a room and turning lights off a short while 

after the last occupant has left the room. Usually, occupancy sensors must be located where they 

will detect occupants or occupant activity in all parts of the room (Energy.gov offices, 2018). 

Current sensor technology utilizes infrared light and ultrasonic waves to detect the motion of 

people present in a space.  

Photosensor Controls can prevent outdoor lights from operating during daylight hours, 

which can potentially help save energy because they can adjust themselves based on light 

sensitivity.  

Timer Controls can be used to turn on and off outdoor and indoor lights at specific times. Manual 

timer controls work well with CFL and LED lightbulbs as they do not interrupt the circuitry. A 

combination of timer and photo-sensor is ideal for a lower-traffic room that needs to be in the 

same state for long periods, such as exterior lighting. 

7.2 Plug Load 

During the audits, the MP-19 team recorded nameplates of electricity and water 

consuming equipment. An analysis of current practices found that there is no significant potential 

to improve equipment usage (plug loads) on the audited buildings. The office plug load is 

justifiable due to the number of employees that are using computers, printers, and other small 

electric appliances. There were no excessive plug loads noticed in the office area. Most 

equipment in leasing offices’ living space, kitchen, and fitness center have an Energy Star label or 

meet ENERGY STAR appliance standard. 

The U.S Department of Energy’s ENERGY STAR label, applies to everything from 

refrigerators and air conditioners, to televisions and dishwashers. In order to use this logo, 

manufacturers have to submit their appliances for testing by the EPA. Each category has a 



 

 
 

42 

threshold for acceptance to be considered as ENERGY STAR compliant. ENERGY STAR developed 

a calculator with convincible assumptions to compare the ENERGY STAR products with 

conventional appliances. (Energystar.gov, 2018) The comparison is shown below. 

Table 7: Annual Energy Consumption Comparison 

Appliance Conventional ENERGY STAR Annual Saving % Saving 

Clothes Dryer 769 kWh 608 kWh 160 kWh 21% 

Clothes Washer 
1,061 kWh 665 kWh 397 kWh 37% 

11,151 gallons 5,708 gallons 5,443 gallons 49% 

Television 170 kWh 142 kWh 28 kWh 16% 

Dishwasher 
307 kWh 270 kWh 37 kWh 12% 

1,075 gallons 914 gallons 161 gallons 15% 

Refrigerator 346 kWh 311 kWh 35 kWh 10% 

Central Air Conditioner 3,431 kWh 2,584 kWh 847 kWh 25% 

Room Air Conditioner 1,264 kWh 1,147 kWh 117 kWh 9% 

*Calculation above is based on the ENERGY STAR appliance calculator. 

The MP-19 team recommends properties retaining current equipment. For future 

renovation, properties should take implement ENERGY STAR appliance into the future upgrades 

to improve energy efficiency in the long term. 

 

7.3 Water Efficiency 

In recent years, water efficiency strategies have gained coverage to reduce the stress on 

natural water resources, community water supply, and wastewater systems. Water efficiency 
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retrofits adopt low-cost technology that lasts longer than lighting retrofits. Additionally, water 

efficiency retrofits can be implemented faster with a shorter payback period.  

Most residential properties have a shared kitchen and bathrooms in the leasing office, 

fitness center, swimming pool, and clubhouse. A surprising proportion of water use in properties 

comes from the use of toilets, faucets, and other sanitary fixtures. Beyond occupant behavior 

(i.e. frequency and duration that products are used), the efficiency of sanitary fixtures and how 

the products wear over time also impact water consumption on properties. Retrofitting kitchen 

and bathroom with water-efficient products and WaterSense labeled products wherever 

applicable, can provide the most significant opportunity for water and energy savings, 

particularly for existing buildings with inefficient fixtures. (Energy Policy Act, 2017) 

Table 8 summarizes the requirements of the United States Energy Policy Act (EPA) of 1992 

and subsequent rulings by the Department of Energy, the requirements of U.S. EPA of 2005, and 

fixture performance standards in the 2006 editions of the Uniform Plumbing Code or 

International Plumbing Code as to fixture performance. Based on the results of audits, almost all 

water fixtures in D&F properties meet the water efficiency standards created by EPA 1992. MP-

19 team recommends that these properties retain current water fixtures and consider 

WaterSense products in future upgrades. 

Table 8: Maximum Allowable Flow Rate Requirements by Standard 

Equipment Minimum Recommended 

Requirement 

WaterSense 

Requirement 

Reference 

Kitchen Faucet 2.2 gallons per minute (gpm) 1.5 gpm LEED rating system 

Bathroom Faucet 2.2 gallons per minute (gpm) 1.5 gpm LEED rating system 

Showerhead 2.5 gallons per minute (gpm) 2.0 gpm LEED rating system 

Tank-type toilet 1.6 gallons per flush (gpf) 1.28 gpf LEED rating system 

Flushometer-value toilet   EPA 1992 Standard 
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7.4 Thermostats 

Long & Walker, 2018 noted in their analysis that multiple thermostats with different set 

points can make building areas become energy sinks. They push the heat pumps to continue 

working not due to external change of temperature, but air movement caused within the same 

building. The MP-19 team also found competing thermostats at one of the audited properties 

(Sumter Square). Regularly checking set points for areas like gym and laundry can be helpful in 

understanding how the tenants perceive the air flow and temperature settings for such areas.  

 

7.5 Pool Management 

Most property managers adopt a reasonable schedule for their outdoor pools. However, 

there is still an opportunity to optimize electricity usage by running pool equipment only when it 

is necessary. For example, the MP-18 team reported the pool equipment at Avalon Peaks runs at 

full capacity all year, consuming approximately 40,000 kWh of electricity with a $3,000 annual 

cost (Long & Walker, 2018). In a similar manner, Sumter Square keeps the pool pump running at 

a constant working rate, whether the pool is operational (April to October) or not (rest of year).  

However, an open-air swimming pool only needs to turn over water in the pool once per 

day during the offseason period (Swim University, 2013). By ramping down the water turnover 

rate, properties can reduce electricity use for circuiting water while still preventing freezing and 

algae growth. 

MP-18 evaluated the financial feasibility of pump timer for Avalon Peaks and Woodland 

Creek. The payback period of a pump timer was found to be one year while reducing CO2e 

emissions by 4.4 metric tons. (Long & Walker, 2018). The MP-19 team recommends other D&F 

properties to consider pump timers. A maintenance supervisor can further optimize the pumping 

rate and schedule based on occupant behavior pattern.  
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7.6 Other Options 

7.6.1 Smart Metering  

Smart Electric meters are electronic devices that track and record the use of electricity in 

properties. They allow managers to monitor real-time power flows with one-second resolution, 

at either the meter-level or for specific sub-meters. Most property managers in D&F heavily rely 

on monthly bills to track their energy consumption; however, monthly bills only provide 12 

records per meter per year. It takes a longer time to detect and respond to consumption 

anomalies. This year, in addition to Sumter Square and Remington Place, the MP-19 team also 

visited Raleigh Apartments, which is an apartment built in 1938 and shares the same leasing 

office with other two properties in that area. The property manager said the apartment building 

where the leasing office located only has one meter for the whole seven-story building. As a 

result, it’s hard to distinguish the energy consumption by residents with energy consumption by 

the property management office. The leasing office covers water usage and electricity usage for 

all residents, which should be paid by the residents themselves. Smart meters and sub-meters 

can help identify the energy consuming sources to inform reductions in operational cost.  

On the other hand, smart meter and sub-meter system can improve the granularity of 

data and fault detection. Short granularity allows property managers to track anomalies and take 

timely action. For the old buildings sharing one meter, even though property managers can tell 

an anomaly from the monthly bill, it remains difficult to track causes behind the anomaly and 

solve it other than troubleshooting individual pieces of equipment. 

Duke Energy currently provides smart meter services for its residential and commercial 

customers, and customers can monitor localized daily energy usage easily. Therefore, MP-19 

team recommends that property managers adopt smart meter retrofit as a supplementary 

strategy with their property management software or building automation system, like, for 

example, Yardi systems, to monitor property energy usage. 
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7.6.2 Rooftop Solar PV System 

The MP-18 team designed an excel model to test the feasibility of the rooftop solar PV 

system. The team analyzed a 30-kW system, which might not be feasible for properties with 

smaller roof-top areas and shaded roofs. For instance, the south face of Sumter Square property 

is covered by trees. The MP-19 team used the System Advisor Model (SAM) to conduct a 

feasibility analysis of the small-scale rooftop solar PV system. This software can automatically 

evaluate the performance of the rooftop solar PV system based on different weather zone with 

seasonal radiation adjustment. This solar PV model is developed by National Renewable Energy 

Laboratory (NREL) and open for the public. The model takes basic parameters as inputs, such as 

location, system size, electricity rate, panel type, and tilt, and assumed electricity load, and it 

generates a 25-year cash flow analysis with a pre-estimated escalating rate. In addition, this 

model also considers incentives like Federal Investment Tax Credit, Utility Rebates and an 

accelerated depreciation rate.  

The physical limitation of a rooftop solar PV system is that the roof orientation 

significantly affects the electricity generation and a given area must be unshaded and have direct 

sunlight. MP-19 team took the leasing office of Remington Place as an example to identify the 

feasibility of the small-scale rooftop small PV system. The simulation result is shown below (Table 

9). 

Table 9: Performance Simulation of a 2KW AC Rooftop Solar PV System at Remington Place 

Parameter Input Value 

System Size (kW-AC) 2.4 

DC to AC ratio 1.2 

Orientation South 

Module Type 8x 260W USA Made 60-cell polycrystalline panels 

Inverter Type 8 x 7th Generation Enphase Micro Inverters 

Panel Tilt 30 
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Lifespan (yr) 25 

Degradation rate (%) 0.5 

North Carolina Income Tax (%) 7 

Federal Investment Tax Credit (%) 30 

Duke Energy Utility Rebate ($/W) 0.6 

 Output (System Performance) 

Annual Energy Generation (kWh) 3,118 

Electricity bill without system ($) 5,139 

Electricity bill with system ($) 4,837 

Payback Period (yrs) 13.3 

Discounted Payback Period (yrs) NaN 

Net Present Value ($) 596 

Net Capital Cost ($) 4,828 

 

North Carolina provides 30% federal Investment Tax Credit for solar homeowners and 

Duke Energy also offers rebates to it North Carolina customers. For residential customers, the 

program offers a $0.6/Watt rebate for systems up to 10 kilowatts (Energy sage, 2018).  

The leasing office of Remington Place faces North and its south roof can only be installed with a 

maximum of 2.4 kW-AC (2 kW DC) rooftop solar system. This solar system can only help save 

$302 dollar per year and save 3,118 kWh electricity. The payback period is 13.3 years, which is 

longer than half of its lifespan, and the discounted payback period is longer than its lifespan. Its 

net present value (NPV) is positive but significantly smaller compared to its capital cost. 

Due to several limitations of the rooftop solar PV system, including a long period payback, 

a lack of unshaded built space, and a certain minimum space requirement, the MP team 

recommends not installing a rooftop solar PV system for Sumter Square and Remington Place. As 

a general practice, the MP-19 team also recommends using the National Renewable Energy 
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Laboratory (NREL)’s solar ready checklist before considering a rooftop solar PV system for other 

properties. 
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8. Employee Training 

The MP-19 team developed a portfolio of training modules for the property managers 

and maintenance managers of D&F to assist them in practicing the company’s sustainability 

strategy and internalizing the energy retrofit models as their practical maintenance tool. The 

training modules are customized according to the current level of awareness with the staff about 

sustainability. The training contents are available both in document formats and on a digital 

training platform to adequately assist the property managers and the maintenance managers 

with their work. 

 

8.1 Content Development 

The portfolio contains a sustainability guide for daily sustainable practices in offices, a 

landscaping best practices checklist for property managers’ reference when selecting landscaping 

contractors, a manual to instruct maintenance managers to apply the energy retrofit models and 

the other ancillary materials for regular training workshops.  

 

8.2 Sustainability Guide 

According to the Sustainable Strategies on the Sustainable Facilities Tool created by the 

General Services Administration, training building operators and occupants to practice 

sustainable initiatives at the workplace is critical to changing their behaviors and optimizing the 

buildings’ efficiency. The goal of the Sustainability Guide is to provide the D&F employees with 

feasible best practices they can follow as daily routines at and help them form sustainable 

behaviors at work in a long run. 

To best assist the D&F staff in their daily operations, the MP-19 team intended to select 

the guide topics based on the existing sustainability guidance resources, combining the reality of 

D&F staff and workplace. We studied a variety of existing best practices for sustainability and 
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building maintenance and the current LEED rating system for existing buildings. The most suitable 

samples include: 

● LEED v4 for Building Operations and Maintenance (USGBC) 

● Principles and Guidelines for Sustainable Operations and Maintenance of 

Colorado College Buildings and Infrastructure (Colorado College Facilities Services) 

● Green Building Design, Operations and Maintenance (University of Alberta 

Facilities and Operations) 

● Optimize Operations and Maintenance Practices (WBDG Sustainable Committee) 

and 

● New Employee Sustainability Guide (UBC Sustainability) 

Through the analysis of the sample guides and standards above, the most common topics 

on sustainability consist of: 

● Water use and efficiency 

● Energy use and efficiency 

● Indoor environmental quality 

● Materials and resources (including purchasing and waste management) and 

● Green cleaning 

 

Considering the principles that all the recommendations in the guide should be easy-

understood for the staff and practical in their daily work, the office function of the building and 

the property management function of their work, the team decided on the following topics: 

● Introduction of building sustainability 
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● Energy use and efficiency 

● Paper use and recycling 

● Water use and efficiency 

● Waste management 

● Tenant engagement 

The Sustainability Guide can be found in Appendix 6. 

 

8.3 Energy Retrofit Model Manual 

The Retrofit Model Manual provides a step by step explanation for the different decision 

tools developed by the MP-18 team. The same can be found in Appendix 1.  

 

8.4 Landscaping Best Practices 

The landscaping Best Practices documents is expected to serve as a sign off sheet for 

future landscaping contracts for D&F. It tries to incorporate the EPA and city specific landscaping 

guidelines for chemical and water use. The document can be found in Appendix 4.  

 

9. Digital Platform Development  

The complete documentation for the digital platform can be found in Appendix 7.  
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10. Conclusion and Next Steps  

Since the inception of the project in 2017, student teams at the Nicholas School of 

Environment have worked to identify sustainability opportunities at D&F properties and assist in 

implementing solutions that allow the client to move closer to their envisioned goal of being a 

more environmentally responsible property-management company. The collaboration has come 

a long way with the most recent solution in the form of a web-based platform that incorporates 

all the different decision tools and guides. However, the litmus test for actual business value 

would require a pilot implementation of the solutions followed by iterations of revisions of the 

tools and the app to make it useful for both the D&F employees and management. The MP-19 

team suggests a continued collaboration between the Nicholas School and D&F in customizing 

and constantly improving the solutions. A pilot test run for the app complemented by a marketing 

plan to promote sustainability on properties would be a step in the right direction.  
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Appendix  

Appendix 1: Energy and Water Best Practices Manual 

Example: Lighting retrofit (Long & Walker, 2018) 
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Appendix 2: Landscape Maintenance Agreement 

The following snapshot is an excerpt from the landscaping agreement presently used by 

D&F. 
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Appendix 3: Landscape Maintenance Calendar 

Landscape Maintenance Calendar 

      
             
General Maintenance Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Groundcover Trim     x                   

Pruning       x x x x x x       

Tree Pruning   x                     

Tree 'sucker' Pruning         x               

Leaf Removal x x x           x x x x 

Bed Weed Control x x x x x x x x x x x x 

Mowing x x x x x x x x x x x x 

Edging x x x x x x x x x x x x 

Debris Removal x x x x x x x x x x x x 

             
Mulching Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Spring Application     x                   

Fall Application                 x       

             
Aeration/Seeding/Soil Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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Turf Program     x   x       x   x   

Aeration                 x       

Seeding                 x       

Lime Application                         

Soil Test             x           

Pre-Emergent     x   x       x       

Insecticide     x           x       

             
Seasonal Annuals Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Spring/Summer Installation         x               

Fall/Winter Installation                   x     
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Appendix 4: Landscaping Best Practices Guide (sign off sheet) 

 

Landscaping contract: Responsibility sign off matrix 
 

 
 
Property name & code:       
Contract period:  
 
On behalf of Drucker & Falk (Management)    On behalf of the contractor 
 
__________________________     ________________________ 
 
Name:          Name:  
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Appendix 5: Water Budget Tool (V 1.03, EPA) 

Water budget tool is an option to help builders, landscape professionals, and irrigation 

professional certified by a WaterSense labeled program meet the criteria specified in the 

WaterSense New home Specification. The following guide provides step-by-step instructions for 

using the water budget tool.  

 

The above is an excerpt from the complete document. The same can be accessed at the 

following URL https://www.epa.gov/watersense/water-budget-tool 
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Appendix 6: Sustainability Guide 
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Appendix 7: Delivery Platform Documentation 

The following is an excerpt from the complete documentation of the web platform and 

application. The same is currently being hosted by Duke University servers as of April 2019 and 

is subject to change. 

 

User Documentation 

1. System Overview  

Our system provides both a website and an Android app for a strategic framework tailored for 

Drucker & Falk company. The system consists of the following functionality components for 

internal use within the company:  

• New User Guide 	

• Employee Training 	

• Decision Tools	

• Forum 	

2. Web Getting Started 	

2.1 Launching the Application 	

2.1.1 Test Run	

Follow through the instructions and add click Import Gradle Project, accept all default 

options and navigate to the Gradle window. In Tasks->Application, double click BootRun to start 

the server. Then visit http://localhost:8080. 	
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2.1.2 After Deployment 

Direct to the website in the computer browser.  

2.2 Login in	

After launching into the website, users will be greeted by the home page, introducing all 

the functions the system offers, as shown in Figure 6. 	

 

Figure 6. Home Page of the System after launching the website 

If the user is not logged in yet, the right up corner will show the log in button, and user 

can click the button to direct to the log in page. Or, if the users click on any function page, they 

will be automatically directed to the log in page, as shown in Figure 7.  
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Figure 7. Login Page 

After logging into the system, user will be redirected to the home page, from there the 

user can access all functions with no restriction.  

2.3 New User Guide 

By clicking New User Guide button from home page or from Nav bar, user can access 

the New User Guide functionality. User will be greeted with a comprehensive document, 

introducing the basic steps to use and navigate in the system, as shown in Figure 8.  
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Figure 8. New User guide Functionality 

2.4 Decision Tool  

By clicking Decision Tool button from home page or from Nav bar, user can access the 

Decision Tool functionality. User will be greeted with both lighting and plumbing forms and can 

easily switch between the two forms using the toggle placed at the top of the forms, as shown 

in Figure 9.  

 

Figure 9. Decision Tool Functionality 

All the required information that are needed to perform lighting model analysis, will be 

displayed as a field in the form presented. User will fill out the form accordingly to the 
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indication above, if any field is left blank, the system will notify the user about which field is still 

required to be filled out before proceeding.  

Once all the fields are completed, user can click Add More button to submit current data 

to the system. Then the system will send the data over to the server and redirect back to the 

form for user to add more information. After user finish adding all the information needed, user 

can then click the Get Analysis button to retrieve the analysis result, as shown in Figure 10.  

2.5 Forum  

 

Figure 10. Interaction for Decision Tool Functionality 

When entering the Forum page, the user can see all messages posted. By clicking 

‘Create Post’ the user can create a new post of his or her own and enter the post detail of the 

new post. This page is shown in Figure 11. 
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Figure 11. List of All Posts 

As shown in Figure 12 and Figure 13, when entering post detail page, the user can see 

title, author, content and other details of a post, and have the ability to create a comment for 

this post by clicking “Add Comment” button. The comments of a particular post will also be 

shown on the detail page.  

 

Figure 12. Post Detail Page 
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Figure 13. Creating Comment 

2.6 Employee Training  

 

Figure 14. Employee Training Page 

When entering Employee Training page, there are several PDFs to read, after reading 

the PDFs by clicking ‘Go!’ button under PDFs, the user is allowed to answer questions in the 

quiz by clicking ‘Go!’ button under the quiz.  

3. Android Getting Started  
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3.1 System Requirements  

Android smart phone with Google play. When you upload an APK, it needs to meet 

Google Play’ s target API level requirements. Starting August 1, 2019, Google Play requires that 

new apps target at least Android 9.0 (API level 28), and that app updates target Android 9.0 

from November 1, 2019. Until these dates, new apps and app updates must target at least 

Android 8.0 (API level 26).  

3.2 Launching Application  

3.2.1 login  

Upon opening the app, please enter your user name and password to login. If your 

username or password is wrong, click “RETRY” to re-enter your login information.  
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Figure 15. login page Figure 16. login Retry page 

3.2.2 Main page  

In the user main page, your user information will be shown in the screen. Below are the 

four tile functions buttons: “Forum”, “New User Guide”, “Employee Training”, “Decision”.  

After using this app, click “LOGOUT” at the bottom of the main page to logout safely.  

 

Figure 17. Main page 

3.2.3 Forum  

By touching Forum button from main page, users will be prompted to a page with two 

buttons: View Post and New Post.  



 

 
 

73 

If the user wants to read existing posts, he or she can touch the View Post button, which 

prompts a page with a list of all post information, which includes post title, post author, and 

post time. User then can touch a post, and then the app will show a detailed information of the 

specific post, including post contents.  

If the user wants to add a new post, he or she can touch the New Post button from the 

main page. Then there will be two textboxes with title and contents. After finishing typing, user 

touch submits to finish the post.  

 

Figure 18. Message box page Figure 19. Post List Figure 20. Post Detail 
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Figure 21. Comment Detail Figure 22. Comment UI Figure 23. New Post UI 

3.2.4 New User Guide  

In the main page, click “NEW USER GUIDE” to access a PDF document introducing the 

app functions and how to use the app, as shown in Figure 24.  
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Figure 24. New user guide 

3.2.5 Employee Training  

By touching the “Employee Training” button in the main page, you can enter the 

training module with PDF training guides and quiz system. Click each title to study the training 

material before taking the quiz.  
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Figure 25. Employee Training page Figure 26. Training Content Detail 

The app oversees the user’s training progress and the quiz cannot be open until the user 

read through all training materials. If the user attempts to take the quiz before full-completion 

of the training guide, a warning message will pop up. The user should click “KEEP TRAINING” to 

finish their training, as shown in Figure 27. The correct quiz page will be like Figure 28.  
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Figure 27. Quiz warning page Figure 28. Quiz page 
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3.2.6 Decision  

By touching Decision tool button, users will be prompted with two choices: Light Bulb 

and Plumbing, which represent two categories. By pushing one of the buttons, users will be 

displayed with various textboxes of input. Each input represents a single feature of either light 

bulb or plumbing. After typing in all the values, and touch SUBMIT, the lower part of the screen 

will show up the calculated result, which means the money saved by replacing old light 

bulb/plumbing with new one. Should the user only want to slightly adjust some input values, he 

or she can just go to the specific text box and change the value, and touch submit again to get 

the new result. Should the user need to input another set of data, he or she can touch Clear All 

button to refresh and clean the page.  

 

Figure 29. Decision UI Figure 30. Light Bulb UI Figure 31. Plumbing UI 


