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Policy Memo 
 

The University of Massachusetts is striving to achieve net-zero emissions by the year 
2030. One way to make progress towards this goal is by updating older, energy-inefficient 
buildings with green technologies to maximize heat retention thereby minimizing energy 
consumption. Four different innovative technologies were researched with UMass’ campus in 
mind as a part of this study: green roofs, thermal shades with and without automation, second 
skins, and insulating paint. As displayed below (Table 1), we have provided an estimate for the 
cost of implementation, projected energy savings, yearly financial savings, and the projected 
payback period for UMass as pertains to each individual technology. 
 
Table 1: Estimations of Costs and Savings for Different Technologies 

Technology Cost of 
Implementation 

kWh of 
energy savings 
projected (per 
year) 

Financial 
savings (per 
year) 

Payback 
period 

Suggested 
buildings for 
installation 

Green Roofs $370,284 1,876,810 kWh 
 

$83,313.90 4.44  years Hampden 
Building - 
Southwest 

Thermal 
Shades (with 
automation) 

$79,989  
(Calculations 

modeled with respect 
to dimensions of 
Thompson Hall) 

69,514 kWh $7,618.70 10.5 years  Thompson Hall, 
as well as other 
older academic 

buildings 

Thermal 
Shades 
(without 
automation) 

$48,345 
(Calculations 

modeled with respect 
to dimensions of 
Thompson Hall) 

69,514 kWh $7,618.70 6.35 years Thompson Hall, 
as well as other 
older academic 

buildings 

Second Skins  $35,254,034 
(Calculations 

modeled with respect 
to dimensions of 
Conte Building) 

1,715,272 kWh 

 

 

$126,415.53 278.9 years Conte Polymer 
Science and 
Engineering 

Building  

Insulating 
Paint 

$80,384 (not 
including supplies or 

labor) 

Unknown - 
independent 

study required 

Unknown Unknown Dorm rooms 

 
Based on these projections, we recommend that UMass invest in green roofs and second 

skins, holding a combined savings potential of 3,592,080 kWh per year in the suggested 



buildings. This would result in a  54.2% energy use reduction in Hampden and a 11.9% energy 
use reduction in Conte, based on 2018 total energy use intensity campus data. Despite the fact 
that green roofs and second skins offer greater energy savings, thermal shades are a cheaper 
alternative when retrofitting buildings for greater energy efficiency. However, each of these four 
technologies offers the ability to make progress towards the 2030 goal and therefore should be 
considered by the Carbon Mitigation Task Force and the University. 

 
 

Introduction 
 

In order to attain its goal of net zero emissions by the year 2030, the University must 
seize every opportunity to reduce energy consumption and divest in its usage of fossil fuels. The 
goal of this paper is to recommend financially viable technologies that would help reduce 
campus energy consumption, all of which could be implemented by 2030. Four innovative 
energy saving technologies are outlined below: cellular window shades, green roofs, second 
skins, and insulating paints. Our team initially created a list of energy saving technologies, 
researching each to identify which four would best provide for energy efficiency on the Campus 
of UMass Amherst. Our calculations show that green roofs offer the highest energy saving 
potential per year with 1,876,810 kWh saved, second skins were shown to be the next most 
promising investment, followed by cellular shades. Our considerations revolved around cost and 
time, particularly having to do with installation, maintenance and payback period.  Considering 
that very little data exists on the best practices and energy saving potential of insulating paint, it 
is recommended that UMass issue an independent study of this technology on campus. This 
could be an opportune project for a future iCons group to investigate and provide valuable data 
to the University in helping assess the potential for insulating paint at UMass. Ultimately, we 
found that three of the technologies within this study show considerable promise in their ability 
to reduce campus emissions from fossil fuel usage, those technologies being cellular shades, 
green roofs and second skins. We recommend that the University consider these technologies as 
a means of providing for energy efficiency on campus in pursuit of its goal for net-zero 
emissions by 2030.  

 
Cellular Shades 
 

Cellular shades are an energy efficient technology, used to block light and insulate 
window space in order to save energy. Cellular shades feature a repeated pattern of ‘cells’ 
running along the length of the shade, these cells are meant to trap and hold air, creating an 
insulating barrier between the room and the window as shown in figure 1. Cellular shades have 
shown immense amounts of promise in improving the energy efficiency of homes (Metzger et 



al., 2019). But what effect could this technology have on the energy efficiency of a large 
University such as UMass?  

 

 
 

Figure 1. Diagram of how a cellular shade looks and functions (Blindster Blog, 2019) 
 

There are many factors that determine the effectiveness of cellular shades in promoting 
energy efficiency, the most influential being regional climate and operation schedule (Cort et al., 
2018). Considering that cellular shades have their most significant energy saving potential during 
the summer cooling season, they will have the largest impact on energy efficiency in a climate 
that requires cooling year round (Metzger et al., 2019). With an average outdoor temperature of 
70 ℉, cellular shades were shown to save 3.359 Kwh/day in a 1,500 test home with 196 oftf 2 tf 2  
window space, these results were found when all shades were closed through the entire day (Cort 
et al., 2018). In the same test space, the shades yielded a savings between 1.970 and 4.416 
kwh/day dependent on cloud cover during the heating season with an average outdoor air 
temperature of 46°F (Cort et al., 2018). The difference in savings potential of the heating season 
when compared to the cooling season is due to the different ways in which they function during 
those seasons respectively. Cellular shades have been seen to reduce heat loss through windows 
by more than 40% under optimal usage in the heating season, this would come out to a savings 
of roughly 20% in heating energy (USDOE, 2020). With optimal usage in the cooling season, 
cellular shades have been shown to reduce unwanted solar heating through windows by 
80%(USDOE, 2020).  



 For best results during the summer cooling season, shades should be left down as much 
as possible during the daytime, this will ensure maximum insulation of cool air. When about half 
of the home's cellular shades were left open through an 81℉ day in an identical test space, the 
savings of cellular shades dropped to 1.808 Kwh/day (Cort et al., 2018). This 1.551 Kwh/day 
difference between optimal and non-optimal usage is significant in placing a monetary value on 
the benefit of optimal usage vs non-optimal usage. Thus, by multiplying the 1.551 Kwh/day 
savings between optimal and non-optimal usage by 10.96 cents (Average cost for basic 
electricity service per Kwh of electricity in Springfield, Massachusetts), an additional savings of 
16.99 cents a day is achieved (Eversource, 2020). These additional savings are achieved by 
following optimal usage in a 1,500 space, totalling to 36.81 cents energy savings for one daytf 2  
with optimal usage during the cooling season . The difference between optimal and non optimal 
usage during the heating season was more dependent upon the material of the shade itself (Cort 
et al., 2018). Best practice for cellular shades in the heating season is to keep them open from 
6AM to 6PM as to reduce thermal loss through the window in the evening and early morning 
hours (Cort et al., 2018).  

Despite this additional daily savings in the test space, the initial cost of automated 
systems must be taken into consideration. Based upon the state of automated shade system prices 
on Amazon, it seems that around $54 per unit would be considered a best case scenario without 
considering installation (Amazon.com, 2020). With this in mind, UMass could most effectively 
capitalize on cellular shade technology in its campus facilities with manual operation as a 
cheaper alternative to automated systems. As is shown in table 1, the choice to utilize manual 
operation for cellular shades instead of automated operation would result in a payback period 
that is 4.15 years shorter. For UMass to implement ⅜ inch thick double celled shades in their 
facilities would cost ~$25 for a window sized 24 by 36 inches (Blinds.com, 2020).  Utilizing 
survey data from the iCons 3E class of spring 2019, we were able to ascertain that the majority 
of UMass students will leave their shades at least partially open on a daily basis, as seen in figure 
2. We were also able to see from the survey data that the majority of UMass students would be 
willing to change their shade usage behavior in order to provide for energy efficiency (Casey., et 
al, 2019). Cellular shades are shown to decrease significantly in their energy saving potential 
when not following optimal usage, going from 24.8% HVAC savings down to 4.7% in the 
aforementioned 1,500 test home (Cort et al., 2019). Thus, leaving cellular shades at leasttf 2  
partially open in the cooling season would be counterintuitive to achieving full energy efficiency. 
As such, we recommend that UMass target lecture halls, dining commons and other campus 
facilities that are monitored by staff for the usage of cellular shade technology. As installing this 
technology in dorm rooms would prove to have some positive effect on energy savings 
regardless of usage schedule, we recommend that UMass also work to replace existing dorm 
shades with double celled cellular shades on an as needed basis. Traditional rollers such as those 
used in dorms at UMass have an r-value of 1.3 to 2.2, when compared to that of cellular shades 
(2.5 to 7), the base energy saving potential regardless of usage schedule is clear (Coffin, 2012). 



Additionally, UMass could launch a campaign to educate students on how their usage schedule 
can help provide for increased energy efficiency on campus. Seeing as the overwhelming 
majority of students would be willing to change shades to save energy (Casey., et al, 2019), the 
idea of installing cellular shades in dorms with a concurrent education initiative to teach them 
best practices is promising.  

 
Figure 2. Results from 66 respondents to a survey of the UMass student body, performed by a 

group from iCons 3-RE spring 2019 (Casey., et al, 2019).  
 
Targeting older buildings at UMass such as Thompson Hall, Stockbridge Hall and 

Fernald Hall would allow for increased energy efficiency in those buildings that currently lack 
energy efficient technologies. Cellular shades would be a change that UMass could easily 
implement on campus to provide for energy efficiency with a much lower overhead cost than 
other alternative efficiency measures. The calculations that have been included in this assessment 
of the energy saving potential for cellular shades at UMass could be greatly improved if an 
independent study were to be conducted on that subject. As was mentioned earlier in this section, 
regional climate and operation schedule are the two most important factors in determining the 
energy saving potential for cellular shades. Seeing as Amherst has a climate that varies greatly 
by month and year (usclimatedata.com, 2020), a study of cellular shade success informed by the 
regional climate of Amherst would yield a more accurate calculation of energy saving potential. 
Additionally, an independent study would allow for there to be trials done in those buildings that 
have been identified as targets of interest in the universities development of this technology. For 
the purpose of the calculations used in this recommendation, the savings averages of 3.359, 
1.970 and 4.416 Kwh/day based on season were averaged to 3.25 Kwh/day. 3.25 Kwh/day was 
then utilized as the average daily energy savings when calculating kWh of energy savings 
projected, financial savings and payback period.  
 
Green Roof 



 
Green roofs are essentially roofs that have vegetation and plants grown and cultivated on 

top. Green roofs offer a number of benefits such as: savings in energy, mitigation of the urban 
heat island effect, rise in habitat and biodiversity,  thermal insulation, and improving stormwater 
management (See Figure 3).  There are three types of green roofs: extensive, semi-intensive, and 
intensive. Extensive green roofs are thinner, lighter, and cheaper than semi-intensive and 
intensive green roofs. However, intensive green roofs may have more thermal insulation benefits 
than extensive green roofs because of the fact that they are deeper and consist of more vegetation 
(Ulubeyli and Arslan, 2017, p. 315).  

Figure 3. Five Benefits of a Green Roof. Taken from: 
http://thealfanogroup.blogspot.com/2015/05/the-amazing-benefits-of-green-and.html 
 
In our UMass Amherst application, we looked at retrofitting four existing buildings with 

an extensive green roof. However, we used the data for a green retrofit for one building to 
compare with the other technologies in Table 1. We recommend the use of an extensive green 
roof as they contribute less dead load to a building and would not put excessive stress on the 
building’s infrastructure. According to the United States General Services Administration 
(2011), extensive green roofs outweigh conventional black roofs in terms of environmental and 
economic benefits (p. 83).  In addition to this, Ulubeyli and Arslan (2017) found that an 
extensive green roof investment for a 100 m2 roof in Turkey can be paid back in a period of 3 



years (p. 323). However, the conclusion of their study was that the economic viability of an 
extensive green roof depends on local conditions (Ulubeyli and Arslan, 2017, p. 323).  

Another study that was performed by Saadatian et al. has shown that an extensive green 
roof of 50 mm thickness could reduce the heat flux by 67% (Saadatian et al., 2013, pp. 160). A 
different study conducted by Cascone et al. (2018) showed that only green roof solutions with a 
load limit of 1.46 kN/m2 are suitable for retrofitting existing buildings with a roof load of 
initially 1.96 kN/m2 (pp. 227 - 228). The results showed that energy consumption for cooling 
was reduced by 31 - 35% by the green roofs in Cascone et al.’s study (Cascone et al., 2018, p. 
227). According to Celik and Binatli (2018), the cooling energy savings of an average green roof 
application would be approximately $116,400  for all the flat roofs in a 2,980,000 m2 area of 
Central Bodrum, Turkey to be converted into green roofs (p. 1790). While Central Bodrum, 
Turkey is similar to Amherst in that they have hot and dry summers they are different in that they 
have mild winters. The cost was based on Turkey’s price of electricity. Djordjevic et al. (2018) 
looked at thermal properties of green roofs on the energy consumption and CO2 emissions of 
buildings in New Belgrade which has a humid, subtropical climate compared to the seasonal 
weather of UMass Amherst (p. S1217). They used a software package that complied with current 
law to calculate their results (Djordjevic et al., 2018, p. S1223). Their results showed that when a 
intensive green roof with a thermal insulation of 24 cm was used all buildings on site were able 
to save 7999.39 MWh which is a 4.3% difference compared to one with a thermal insulation of 
16 cm (Djordjevic et al., 2018, p. S1228). Overall, all these green roof studies show that green 
roofs in certain conditions can yield specific benefits not simultaneously but separately.  

In a Master’s Project done by UMass alumna, Lee Jennings, the possibility of a UMass 
Amherst building being retrofitted with a green roof was explored (Jennings 2008). Jennings 
looked at retrofitting Hampden Building and Marston Hall with an extensive green roof. 
According to Jennings’ (2008) study, Hampden Building has a greater energy savings than 
Marston Hall (p. 50). Therefore, we will look at Hampden Building’s energy savings more 
closely. 

According to Jennings (2008), the initial cost of such a green roof for a manufacturer that 
would supply $12/sq. ft. would be $370,284 (51). However, for an annual interest rate of 3% and 
an annual energy inflation rate of 8% the green roof has a total savings of $472,747 more than a 
traditional roof (Jennings, 2008, p. 51). Instead of using Jennings’ numbers to calculate the 
energy and financial savings, the data from the cost benefit analysis from the United States 
General Services Administration was used (GSA, 2011, p. 83). The annual energy savings for a 
green roof was $83,313.90 according to the Net Present Value of a green roof which was $2.7/ 
ft2 (GSA, 2011, p. 83). In terms of kWh of energy savings projected, we calculated that it would 
be 1,876,810 kWh because a rate of $0.1118 was used for every kWh. Therefore, dividing the 
Net Present Value for energy by $0.1118 gives you the number of kWh. The payback period was 
calculated to be 4.44 years from dividing the initial investment by the net annual cash inflow.  



Calculations were made using data from Jennings’ paper and the GSA report to 
hypothetically retrofit four other buildings at UMass Amherst with an extensive green roof. The 
four buildings chosen were: Gunness Laboratory, Holdsworth Hall, Paige Laboratory, and 
Engineering Laboratory II. These were all buildings that Jennings indicated were suitable options 
for a green roof retrofit in UMass in her paper. Using an initial cost of $12 per square foot, the 
total cost of implementing green roofs on all four buildings would be $705,528. The annual 
energy savings for retrofitting all four buildings with a green roof would be $158,743.80 for 
3,576,021 kWh saved. The payback period for all four green roofs would be 17.76 years. Data 
for each green roof can be found in Table 2 below. 
 
Table 2: Green Roof Application for Four UMass Amherst Buildings 
 

 Square 
Footage 

Initial Cost 
($12/s.f.) 

Financial savings ( NPV of 
$2.7/s.f.annually) 

kWh of energy savings 
(for 1 yr) 

Payback Period 
(years) 

Gunness Lab 13,836 $166,032 $37,357.20 841,546 4.44 

Holdsworth Hall 15,457 $185,484 $41,733.90 940,140 4.44 

Paige Lab 7,669 $92,028 $20,706.30 466,451 4.44 

Eng. Lab II 21,832 $261,984 $58,946.40 1,327,886 4.44 

TOTAL 58794 $705,528 $158,743.80 3,576,021 17.76 

 
 
Second Skins 
 

Second skins are an additional layer to the outer building envelope. There are several 
ways a building could be retrofitted with second skins and there are several different types of 
second skins. However, for this analysis, we  focused on double-skin façades (DSF) since this 
façade type is the most researched second skin technology. A DSF is essentially two glazed 
façades (an interior and an exterior) with a cavity in between them. There are many benefits of 
double skin façades which include: natural ventilation, sound insulation, improved indoor 
climate and its flexibility to be used in different geographical, climatic, and urban contexts 
(Robins, 2017). There are a few different types of DSFs; including box windows, corridor, shaft 
box, and multi-story type. A box window DSF is partitioned horizontally and vertically creating 
individual boxes that are usually placed on windows (Poirazis, 2004). A shaft box DSF is 
essentially the same as a box window façade except, in shaft box, the individual boxes are 
connected with vertical shafts that are in the façade, the shafts ensure an increased stack effect 
(Poirazis. 2004). Corridor DSFs have only a horizontal partition in between the two façades at 



every floor of the building being retrofitted (Poirazis, 2004). For a multi-story DSF, there is no 
horizontal or vertical partitioning between the two skins (Poirazis, 2004). 

When it comes to retrofitting buildings with a second skin many factors have to be taken 
into consideration, the most important being the location of the building and climate. Therefore, 
it is critical to know what type of DSF will have the best energy savings in a Massachusetts 
climate. An extensive study by Ajla Aksamija, UMass department of Architecture faculty 
member, was conducted to compare the different types of DSFs (excluding shaft box type) and 
evaluate the thermal and energy performance in different climates (Aksamija, 2018). Results 
show that in general for the majority of building types and climates all types of DSF would 
provide savings in heating and cooling due to improved thermal performance. This is due to the 
DSF types all having lower U- value (Heat transfer coefficients) than a standard curtain wall (a 
single glazed façade) (Aksamija, 2018). The U- value for a single skin curtain wall was 1.02 
W/m2, both box window and multi-story had a U- value of .18 W/m2 and the corridor type DSF 
had a U- value of .20 W/m2 (Aksamija, 2018). Aksamija (2018) also investigated the effects of 
DSFs on energy consumption by looking at the energy consumption for heating, cooling, as well 
as calculating the average EUI. Models of different climate zones in the U.S. were developed. 
Each climate zone had a representative location, the location that is in the same climate zone as 
Massachusetts in this data is Chicago (climate zone 5a). In general, all of the DSF types 
performed better than a single façade in terms of energy savings and the box window type 
performed better than the other two DSF (Aksamija, 2018). Looking at Chicago, the most 
significant percentage of energy savings was a box window without openings or with holes 17% 
EUI (Aksamija, 2018). The highest energy savings for cooling was a box window type with 
vents at 44% (Aksamija, 2018). The highest energy savings for heating was a multi-story type 
with holes with a value of 8% (Aksamija, 2018). Like Chicago, cooler climates saw greater 
energy savings in cooling than for heating, compared to warmer climates which were vice versa. 
Nonetheless, research has shown that double-skin facades compared to a single façade can save 
much more energy. 



 

Figure 4. Energy savings of each DSF type compared to a single facade in EUI. Massachusetts is 
in the same climate zone as Chicago (highlighted in yellow). Taken From: Aksamija, A. (2018). 
Thermal, energy and daylighting analysis of different types of double skin facades in various 
climates. Pg 19. 

There is little research on cost savings for retrofitting a building with a double skin 
facade. This is due to the high variability of costs. There are many factors to consider when 
designing and implementing that affect the total costs. Also, designing and implementing a 
double skin facade will be unique to each building which makes it difficult to estimate the total 
costs. However, a few studies have estimated a general cost of implementing a DSF, Roth, 
Lawrence, and Brodrick (2007) found from various sources costs ranging from $13 to 33/ft2 and 
from $63 or more per ft2 (70). The difference between that range can be due to many variables in 
designing and constructing the DSF (Roth, Lawrence, and  Brodrick, 2007). Other sources 
estimated an even higher cost range from $84 to $167/ft2 and $46 to 93/ft2 (Roth, Lawrence, and 
Brodrick, 2007). Another study estimated construction costs of implementing a standard DSF in 
central Europe to be 600 to 800 Euro m2 (60.5 to 80.67 USD per ft2) (Poirazis, 2004).  

The ideal building to apply a double skin façade would be one with an existing large 
glazed area façade (with opaque walls), to optimize energy use and use of daylight. Energy use 
and use of daylight are dependent on the window- to- wall ratio (glazing to opaque) of a façade. 
According to Aksamija (2014), a higher window- to- wall ratio increases energy consumption, 
therefore, the best strategy to improve energy efficiency is to reduce the ratio by having a 
balanced amount of opaque wall to glazed window (48). The cause of increased energy 
consumption is due to potential problems of over heating with a DSF (Aksamija, 2014). With 
that said, a majority of buildings on campus that have glazing are ones that have recently been 



constructed or renovated. One building, however, that was constructed in 1993 and has a glazed 
façade is the Conte Polymer Science and Engineering building. According to the UMass physical 
plant’s energy usage calculation for steam, the Conte Polymer Science and Engineering building 
EUI for steam was 163.08 in 2018. Thus, the Conte Polymer Science and Engineering building 
would be optimal to retrofit  with a DSF. The calculations in Table 1 (in the index) are modeled 
after the idea of implementing a DSF on the Conte Polymer Science and Engineering building 
envelope.  

Insulating Paint  
 

Thermally insulating paints are supposedly an inexpensive, fast, and easy way to add 
insulating power to the walls of any building by reducing incoming radiation (insuladd.com). 
Several brands offer paint solutions for both inside and outside the home, and companies like 
Insuladd claim that their products are scientifically proven to save up to 20% on your heating 
bills. As miraculous and life-changing as these products sound, there is just one significant 
problem: there are currently no independent studies published that support the claims of these 
companies (scientificamerican.com, 2009). Although these paints may work in extreme 
conditions such as outer space (the first insulating paint was designed by NASA), their claims in 
terms of how much heat transfer is prevented for the thickness of paint applications appears to 
defy the laws of physics (scientificamerican.com, 2009). There is an abundance of juxtaposing 
claims surrounding this technology that appear to need more independent scientific backing. If 
manufacturer claims are false, obviously the technology should be abandoned. However, if the 
claims that these manufacturers make are true, then these paints could serve as a very effective, 
low-cost way to reduce our campus’ greenhouse emissions. 

We performed a preliminary calculation to see if the technology was worth pursuing 
further. Painting the interior walls of all dorms on campus would require about 3,250 gallons of 
paint (Jess Wall, personal correspondence, April 22, 2020). Since insulating additives add to the 
volume of paint, then a project repainting every dorm would require 2,600 gallons of regular 
paint, which would cost $56,368 (Jess Wall, personal correspondence, April 22, 2020). Then, 
factoring in the additive, which would cost $23,980 if purchased from hy-tech (44 bulk orders of 
60 gallons worth), the project would have a total cost of $80,348 if applied only once. (This does 
not include labor and maintenance costs.) In fiscal year 2018, residential buildings at UMass 
Amherst consumed 234 billion BTU of energy, which released approximately 48,500 metric tons 
of CO2 into the atmosphere (UMass Amherst, 2020). If we knew for certain the efficacy and 
reliability of these products, we could readily predict energy savings at this point. For example, if 
insulating paints operated at an efficiency of just 5%, then they would prevent the emission of 
2,425 metric tons of CO2 annually. This would mean that over 10 years, the project could save 
0.30 metric tons of CO2/$ if efficiency didn’t diminish over time, although it is unclear whether 
or not it would. 



It seems as though an independent study conducted by the University of Massachusetts 
Amherst would be in order at this juncture, considering the large potential of these products for 
such a low cost. For the spring semester of 2020, our team set out to answer some questions 
around thermal paints. In particular, we wanted to find if they were as effective as they claimed 
to be, and if so which brands worked best. Also, we wanted to see if repeatedly adding layers 
would compound the insulating effects of these products, specifically simulating a dorm room 
being painted annually. Unfortunately, this experiment was disrupted by the outbreak of 
COVID-19 and the ensuing decision from the university to transition to online classes. We were 
able to generate a small amount of data before being sent home, but our data was incomplete 
and inconclusive, and our procedure would need several modifications to make a conclusion 
about insulating paints. Our recommendation to the University of Massachusetts Amherst as it 
pertains to this technology is a simple one. We believe that insulating paints are very promising 
(high savings claimed for relatively low cost), but with a lack of independent data, we 
recommend that the university conducts its own independent study of these products to test their 
worth. In a university funded study, many paint and additive brands can be tested on more 
uniform, consistent materials. In addition, it could be investigated if annual applications of the 
produce would have additive insulating benefits. Then, the University could decide if such a 
project is worth undertaking, and predict more accurate amounts of energy and financial savings. 
 
Conclusion 

 
As 2030 is only ten years away, UMass will need to take a fast approach to reducing its 

emissions to zero. One way to do this is by implementing energy saving technologies on already 
existing buildings. Based on our research, Table 1 has been calculated to show advantages and 
disadvantages of each of the four options. Installing any of these technologies on such a large 
campus will cost a significant amount of money so it is important to consider how much energy 
will be saved in addition to the payback period. Ultimately, any of these technologies could help 
the University of Massachusetts to reduce its campus emissions, however if the University were 
to install only one or two to start, we would recommend it be green roofs and second skins. Our 
research and estimations indicate these technologies hold the most promise for making the 
biggest impact towards reaching the 2030 goal of zero net emissions. 

 
 
 
 
 
 

 
 



Index 
 
Table 1: Estimations of Costs and Savings for Different Technologies 

Technology Cost of 
Implementation 

kWh of 
energy 
savings 
projected 
(per year) 

Financial 
savings (per 
year) 

Payback 
period 

Suggested 
buildings for 
installation 

Green Roofs $370,284 1,876,810 
kWh 

 

$83,313.90 4.44  years Hampden 
Building - 
Southwest 

Thermal 
Shades (with 
automation) 

$79,989  
 

(Calculations 
modeled with 

respect to 
dimensions of 

Thompson Hall) 

69,514 kWh $7,618.70 10.5 years  Thompson 
Hall, as well as 

other older 
academic 
buildings 

Thermal 
Shades 
(without 
automation) 

$48,345 
 

(Calculations 
modeled with 

respect to 
dimensions of 

Thompson Hall) 

69,514 kWh $7,618.70 6.35 years Thompson 
Hall, as well as 

other older 
academic 
buildings 

Second Skins  $35,254,034 
 

(Calculations 
modeled with 

respect to 
dimensions of 

Conte Building) 

1,715,272 
kWh 

$126,415.53 278.9 years Conte Polymer 
Science and 
Engineering 

Building  

Insulating 
Paint 

$80,384 (not 
including 

complimentary 
supplies or labor) 

Unknown - 
independent 

study 
required 

Unknown Unknown Dorm rooms 

 
 
 



Phase I of Project 
 

Project iCons 3 RE S2020- 

======================================================================== 
Project Title: Sustainable Building Technologies 

Group Members: Louisa Bachman, Lucas Ghilardi, Cameron Bonnell, Josiane Rosario, Caitlin Nicole 
O. Bugash 

Emails: lbachman@umass.edu, lghilardi@umass.edu, cbonnell@umass.edu, jerosario@umass.edu, 
cbugash@umass.edu 

Can you be reached if other students want to follow up your project? (Y/N)  

Yes, all group members are open to communication. 

------------------------------------------------------------------------------------------------ 

Research question you were addressing 

Our original question was: Which products of insulating paint provide the greatest energy savings? 

After moving remote, we pivoted to researching multiple types of technologies including insulating paint, 
second skins on buildings, green roofs, and thermal insulating shades with respect to how they could be 
implemented on campus at UMass and how much energy could be saved. 

Experimental Method: 

1. Build 4 plywood 1 ft. x 1 ft x 1 ft. boxes. 
a. Plywood used: 3/4 in. x 4 ft. x 8 ft. PureBond Birch Plywood Grade C-3 
b. Using a table saw, cut the plywood into 1 ft x 1 ft square panels with a ¾ in. thickness. 
c. Make sure to cut two ¾ in. width strips of wood from one square panel so that box can be 

assembled properly. 
d. By drilling one #8 screw to make a connection at every two panels, we assembled the box 

together. We left the top of the box unconnected so that the temperature probes and light 
can be put inside the box easily. 

e. Drill one whole in each box for the internal temperature sensor, the holes for the 
temperature sensors were about ⅓ cm (estimation). A second larger whole was drilled 
right at the top edge of the opening for the lamp wire. The whole was probably 1.5 cm in 
width (estimation). 
 

2. Paint three boxes, each with a different insulating additive brand, two coats on each. The first box 
will have a mix of Insuladd paint additive and white Bher paint and primer two-in-one, the second 
box will include the white Bher paint and primer along with Thermacels/ Hy-Tech insulating 
paint additive. Make sure to mix the additive with the paint as directed in the packaging 
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instructions. Box three will be treated with Cool Coat Thermal Defense Sealer. We will treat the 
fourth box with only the white Bher paint and primer two-in-one. 
 

3. Tape was used to keep the temperature probe in place once it was passed through the whole. 
 

 
Data Collection  
 

1. Secure temperature probe so that it had 4 cm of length hanging from the top inside of the box. 
2. PLace a 9.35 W LED (100W equivalent) bulb in a lamp and put it on the bottom of the box to test 

the insulating properties of each treatment against one another, specifically looking at the rate of 
heat transfer. (Before the actual trial, either test two lamps with two bulbs to ensure they heat at 
the same rate and to the same temperature, or run only one box test at a time and use the same 
lamp and bulb throughout the process). 

3. Leave bulb until the inside temperature stabilizes in each box, recording the initial and final 
temperatures during this time.  

a. While we did not do this, it may be worthwhile to continue recording temperatures after 
the lamp has been turned off. 

b. When experimenting, our boxes never reached a stabilizing temperature, with the longest 
time of a trial being around an hour and 15 minutes. So it will likely take longer for than 
that to stabilize, if the temperature stabilizes at all. 

c. The data was recorded on capstone software, email lbachman@umass.edu for actual 
capstone trial data.  

i. Parameters measured include time (every 5 sec), internal temp of box, external 
temp of box, and the difference between these temperatures. 

 
For Phase II/ Further experimentation, no progress was made towards experimenting with these ideas: 

● Look into components of walls of LGRT or a typical wall system 
● Include components of wall in list of things to buy 
● Tackle cooling and warming of the seasons  

 
How are we going to measure our data? 

● Rate of heat transfer 
○ R = P

A(T −T ) 1 2  
■ R = rate of heat transfer 
■ A = area of wall or window (0.557 m^3) 
■ - = temperature difference across wall or window (temperature differenceT 1 T 2  

was determined after the temperatures had stabilized, we made the mistake of not 
running the experiment long enough) 

■ P = power of lightbulb (30.717 btu/hr) → specific for the bulb we used 
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Design Set-up:  

 

Image 1: Experimental set up can be seen with two temperature probes, one in the box and one taped on 
top. A hole was drilled from the top of one side in order to leave room for the light’s cord.  

 

Image 2: View of experimental set up from the top. 



Materials (if specialized supplier, sources of supply, part number - for documentation 

purposes): 

● 5 cubic foot boxes (made by us) 
● 1 gal. Behr Premium plus Ultra Pure White Semi-Gloss Enamel Low Odor Interior Paint and 

Primer in One (from home depot) 
● Insuladd insulating additive (bought from company website) 
● Thermacels/ Hy-tech insulating paint additive (1 gallon), bought from amazon 
● Thermal Defense sealer, product name: rain guard water sealers SP-2001 Cool coat white thermal 

barrier ready to use on exterior surfaces, from amazon 
● 8-Piece high-density polyester knit paint tray kit (from home depot) 
● Temperature probes (at least 2, 4 if running two experiments at once) 

 

Preliminary results: 

 

Trial # Time (s) Control box r-value Insuladd box r-value 

1 3590 0.0796 0.0954 

2 2015 0.0404 0.0481 

3 3089 0.0607 0.0555 

 
We encountered a problem in our results in that we did not have an accurate R-value and that the rate of 
temperature increase was not identical. We were expecting to see that the boxes painted with additive 
would have a higher R-value than the control box but our results showed otherwise. The problem with our 
results was most likely due to a couple factors. First we have reason to believe that while we were running 
two boxes at once, the two lamps we were using were heating up at different rates. Therefore, we 
recommend either just running one box at a time, always using the exact same lamp, or testing two lamps 
first to ensure they heat up at the same rate. Additionally, we should have run our trials for a longer period 
of time. We did not have time to run the samples until the inside temperature stabilized, but that is critical 
to having an accurate R-value. See below chart to see how the inside temperatures had not levelled out 
yet. 
 



 
If exact values are requested, contact Louisa Bachman for access to excel sheet. 

Other information we got from UMass sources: 

Shades: 

I cannot speak to how many shades are replaced each year but I can share how much we spend.  Shades 
vary vastly across campus because just about every size shade has a different cost and we have lots of 
sizes.  Also, we have blinds in some locations and their repair and replacement costs fluctuate. The 
standard room darkening shade that most of the halls have cost about $40,000 to $55,000 a year because 
we buy in bulk.  The average annual spend for all shade and blinds is about $76,500 over 5 years 
(FY15-FY19).  

Paint: 

I am not sure what detail you need here because there is paint and then there is all the supplies (brushes 
and such).  I believe that you are looking for the repair and maintenance costs instead of capital 
improvement projects.  The difference is with a capital project, every surface is painted while our repair 
and maintenance program touches up where necessary.  The following numbers are for repair and 
maintenance and all capital expenditures have been removed.  The average annual spend for all paint 
supplies is about $44,600 over 5 years (again, FY15-19).  If you need more detail, the average cost of 
supplies (brushes and the like) is $7,000 and the balance of the average is for paint. 

-- Information from Jess Wall 
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