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$%675$&7 7KLV SDSHU H[SORUHV IHDVLELOLW\ IRU DFKLHYLQJ QHW]HUR HQHUJ\ JRDOV LQ UHWURILWWLQJ FRPPHUFLDO
EXLOGLQJV$QH[LVWLQJFRPPHUFLDOEXLOGLQJLQ+RO\RNH0DVVDFKXVHWWVZDVFKRVHQDVWKHUHVHDUFKWDUJHWWR
VWXG\ KRZ WR LQWHJUDWH SDVVLYH GHVLJQ VWUDWHJLHV DQG HQHUJ\HIILFLHQW EXLOGLQJ V\VWHPV WR LPSURYH WKH
EXLOGLQJ SHUIRUPDQFH DQG UHGXFH HQHUJ\ FRQVXPSWLRQ $OVR WKH REMHFWLYH ZDV WR LQYHVWLJDWH KRZ WR
PD[LPL]H HQHUJ\ VDYLQJV DQG UHDFK QHW ]HUR HQHUJ\ JRDOV E\ XWLOL]LQJ UHQHZDEOH HQHUJ\ VRXUFHV IRU
EXLOGLQJ¶V HQHUJ\ QHHGV %DVHG RQ PRGHOLQJ DQG VLPXODWLRQV PXOWLSOH GHVLJQ FRQVLGHUDWLRQV ZHUH
LQYHVWLJDWHGVXFKDVPDWHULDOVHOHFWLRQLPSURYHPHQWVWREXLOGLQJHQYHORSHUHWURILWWLQJRI+9$&DQGOLJKWLQJ
V\VWHPVRFFXSDQF\ORDGVDVZHOODVDSSOLFDWLRQRIUHQHZDEOHHQHUJ\VRXUFHV7KHFRPSDUDWLYHDQDO\VLVRI
VLPXODWLRQUHVXOWVZDVXVHGWRGHWHUPLQHKRZVSHFLILFWHFKQLTXHVOHDGWRHQHUJ\VDYLQJDQGFRVWUHGXFWLRQV
7KH UHVHDUFK UHVXOWV VKRZ WKDW WKLV FRPPHUFLDO EXLOGLQJ LV DEOH WR PHHW QHW]HUR HQHUJ\ XVH DIWHU
DSSURSULDWHGHVLJQPDQLSXODWLRQVDQGXVHRIUHQHZDEOHHQHUJ\VRXUFHV7KHVWUDWHJLHVDQGPHWKRGRORJLHV
FDQEHDSSOLHGWRRWKHUDGDSWLYHUHXVHDQGUHWURILWSURMHFWVDQGWRLPSURYHHQHUJ\SHUIRUPDQFHRIH[LVWLQJ
EXLOGLQJV
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%DFNJURXQG
%XLOGLQJV H[HUW JUHDW LQIOXHQFH RQ JUHHQKRXVH JDV HPLVVLRQV DQG FDQ VLJQLILFDQWO\ LPSDFW WKHLU UHGXFWLRQ
DQGHQHUJ\VDYLQJJRDOVLIHQHUJ\HIILFLHQF\GHVLJQVWUDWHJLHVDUHHPSOR\HG,QFRPPHUFLDOEXLOGLQJVKLJK
GHPDQGRIHQHUJ\IRUOLJKWLQJKHDWLQJYHQWLODWLRQDQGDLUFRQGLWLRQLQJOHDGVWRVLJQLILFDQWDPRXQWRIFDUERQ
GLR[LGHHPLVVLRQV,QWKHWRWDOHQGXVHVHFWRUHPLVVLRQRIFDUERQGLR[LGHIURPWKHFRPPHUFLDOVHFWRU
LQWKH8QLWHG6WDWHVZDV7J&2(TZKLFKDFFRXQWVIRUQHDUO\RIWKHWRWDO86FDUERQGLR[LGH
HPLVVLRQ (3$   7KH HQHUJ\ FRQVXPSWLRQ IRU FRPPHUFLDO EXLOGLQJV LV PRUH WKDQ  WULOOLRQ %WX DQG
WKHLQFUHDVLQJWUHQGLVH[SHFWHGWRFRQWLQXHXQWLOWKHHQHUJ\SURGXFHGLQWKHEXLOGLQJVWKHPVHOYHVLVDEOHWR
PDNH XS IRU WKHLU JURZLQJ HQHUJ\ QHHGV '2(   7R FRQWURO WKLV HVFDODWLQJ UHOLDQFH XSRQ IRVVLO IXHOV
DQG WDFNOH IXWXUH FOLPDWH FKDQJH LW LV LPSRUWDQW WR DSSO\ HIIHFWLYH WHFKQLTXHV WR XSJUDGH WKH H[LVWLQJ
FRPPHUFLDO EXLOGLQJV GHYHORSLQJ HQHUJ\ HIILFLHQW FRPPHUFLDO EXLOGLQJV EDVHG RQ WKH LQWHJUDWLRQ RI
DGYDQFHG HQHUJ\ VDYLQJ FRQFHSWV DQG DGDSWLYH UHXVH PHWKRGV 2Q RQH KDQG WDNLQJ 1HW=HUR (QHUJ\
%XLOGLQJ 1=(%  FRQFHSW LQWR FRPPHUFLDO UHWURILWV ZLOO LPSURYH WKH HQHUJ\ HIILFLHQF\ OHYHOV LQ H[LVWLQJ
FRPPHUFLDO EXLOGLQJV H[SORULQJ WKH SRVVLELOLWLHV RI LQYROYLQJ UHQHZDEOH HQHUJ\ VRXUFHV LQ RUGHU WR UHGXFH
WKHLUGHSHQGHQFHRQH[WHUQDOHQHUJ\LQIUDVWUXFWXUH2QWKHRWKHUKDQGVLQFHWKHOLIHRIFRPPHUFLDOEXLOGLQJV
LVH[WHQGHGDQGSRVVLEOHGHPROLWLRQZDVWHLVDYRLGHGQHW]HURHQHUJ\FRPPHUFLDOUHWURILWVDOVRFRQWULEXWHWR
WKHGHYHORSPHQWRIDVXVWDLQDEOHXUEDQUHJHQHUDWLRQIRUP

7KHLGHDRI1=(%KDVEHHQZLGHO\H[SORUHGDQGLPSOHPHQWHGGXULQJWKHODVWIHZ\HDUVDVDZD\WRDFKLHYH
HQHUJ\HIILFLHQF\LQWKHEXLOGLQJVHFWRUDQGHQFRXUDJHUHQHZDEOHHQHUJ\LQFRUSRUDWLRQRQVLWH'HSDUWPHQW
RI(QHUJ\ '2( LQWKH8QLWHG6WDWHVKDVEHHQZRUNLQJRQFUHDWLQJWHFKQRORJLHVDQGGHVLJQDSSURDFKHVWR
GHYHORS PDUNHWDEOH ]HURHQHUJ\ FRPPHUFLDO EXLOGLQJV E\  &RQVLGHULQJ WKH VLJQLILFDQW SRUWLRQ WKDW
FRPPHUFLDO EXLOGLQJV WDNH LQ WKH 86 EXLOGLQJ VWRFN DQG WKHLU KLJK HQHUJ\ FRQVXPSWLRQ OHYHO LQYROYLQJ
1=(% FRQFHSW LQWR FRPPHUFLDO UHWURILWV ZLOO EHQHILW ERWK WKH SUHVHUYDWLRQ RI HPERGLHG HQHUJ\ LQ RULJLQDO
FRQVWUXFWLRQ DQG WKH UHGXFWLRQ RI RSHUDWLRQDO HQHUJ\ 7KURXJK UHXVLQJ DQG XSJUDGLQJ H[LVWLQJ EXLOGLQJV
SHUIRUPDQFH RI WKH H[LVWLQJ FRPPHUFLDO EXLOGLQJV FDQ EH LPSURYHG WKXV EULQJLQJ PRUH RSSRUWXQLWLHV WR
UHLQYLJRUDWH WKH ODUJH VWRFN RI H[LVWLQJ FRPPHUFLDO EXLOGLQJV DQG EHQHILW ORFDO HFRQRPLHV LQ WKH ORQJ UXQ
7\SLFDOO\ DFKLHYLQJ QHW]HUR HQHUJ\ JRDOV FDQ EH UHDOL]HG WKURXJK LPSURYLQJ EXLOGLQJ HQFORVXUHV
LPSOHPHQWLQJSDVVLYHGHVLJQVWUDWHJLHVLQVWDOOLQJKLJKSHUIRUPDQFH+9$&V\VWHPVWRUHGXFHKHDWLQJDQG
FRROLQJORDGVUHGXFLQJOLJKWLQJDQGRWKHUHOHFWULFORDGVWKXVPDNLQJLWSRVVLEOHWRRIIVHWWKHUHTXLUHGHQHUJ\
EDODQFH ZLWK UHQHZDEOH PHDQV VXFK DV VRODU SKRWRYROWDLFV RU ZLQG WXUELQHV $FKLHYLQJ QHW]HUR HQHUJ\
JRDOVLVDFKDOOHQJLQJREMHFWLYHHVSHFLDOO\ZKHQLWFRPHVWRUHWURILWSURMHFWVEHFDXVHPRUHFRQVWUDLQWVDUH
W\SLFDOO\ LPSRVHG RQ H[LVWLQJ EXLOGLQJV WKDQ QHZ FRQVWUXFWLRQ 7KLV SDSHU SUHVHQWV WKH HIIHFWLYH ZD\V WR
DGGUHVV WKRVH SK\VLFDO DQG HFRQRPLF FRQVWUDLQWV LQ FRPPHUFLDO UHWURILWV DQG LQYHVWLJDWHV DSSOLFDEOH
VWUDWHJLHVWRDFKLHYH1=(%V
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1.2. Literature review
In the concept of NZEB, the fundamental idea is to make buildings meet all their energy requirements by
using low-cost, locally available, nonpolluting, renewable sources (Torcellini 2006). For those buildings with
electric grid connection, when the energy balance between energy sold and energy used turns out to be
zero, they can be qualified as NZEBs (Hootman 2012). Net-Zero Site Energy, Net-Zero Source Energy, NetZero Energy Costs, and Net-Zero Energy Emissions are four accounting methods that are commonly used
(Torcellini 2006). For Net-Zero Site Energy, renewable energy which is accounted for at the site can offset
the annual energy consumption of the building. A Net-Zero Source Energy building is able to provide enough
renewable energy to support its annual usage. The energy that is utilized to extract, process, generate, and
deliver the energy to the site is considered as source energy in the calculation. Net-Zero Energy costs
means that the amount that the building owner gets paid by exporting renewable energy from the building
should be equal to or more than the amount of the purchase that the owner made with external energy
service utilities. And in Net-Zero Emissions building, emissions from its annual energy consumption should
be equal to the emissions-free renewable energy that the building produces or purchases. Even though
there is a general understanding towards the NZEB idea, a widely agreed definition that can be consistent
with the principles behind the practice of designing and constructing NZEBs internationally is still lacking
(Sartori 2012). Recent research towards the definition of NZEB extends its concept to include the
consideration of the building’s embodied energy and components, thus integrating life cycle energy balance
into ‘net energy’ concept (Hernandez 2010). In this way, it is possible to acquire the true environmental
influence that the building has exerted based on the evaluation of both its operating energy use and the
energy which is embodied in its structure, materials, and technical installations (Marszal 2011). The life cycle
energy balance calculation method can be widely applied to preservation and retrofits projects. In the
existing research projects, most NZEB cases use annual balance to support their applied methodologies
(Voss 2011), so this paper will still use a balanced annual energy budget to study the achievement of netzero energy use in commercial retrofits. Net-Zero Source Energy definition is applied in this exploration to
investigate the effective ways to generate as much renewable energy as the building needs in a year, thus
reducing the electricity consumption of the building to zero.

1.3. Research questions and methods
Through investigating the feasible retrofitting techniques for building performance upgrading, this study
explores applicable passive design approaches that can be integrated to achieve energy savings and the
ways to combine the renewable energy generation installations in the limited usable space to provide
enough on-site renewable energy for the building. Different energy saving methods are studied and applied
in this commercial retrofit project to propose a framework which combines passive design techniques and
active design techniques, accompanied by energy modeling and energy simulations to evaluate potential
energy savings. Several research questions are addressed in this paper:
z
How to manipulate building mass/volume and building envelope to maximize the embodied energy
preservation and reduce energy consumption?
z
How to use advanced facade system to ensure human comfort and save operating energy? How can
we control thermal and lighting loads in old constructions?
z
What is the appropriate way to improve the HVAC systems in existing buildings and make it possible
that the newly added system will be well adapted to the building?
z
How to involve renewable energy sources on site to change the fact that commercial buildings have
heavy reliance on external energy infrastructure?
In order to evaluate energy saving performance in retrofit projects accurately, research methodologies
included data gathering, adaptive redesign of a case study building, energy analysis, and application of
renewable energy systems. Information about the original building was obtained and analyzed to develop
redesign strategies that would facilitate the achievement of net-zero energy goals. Building energy models in
eQuest were used to assess the impact of energy-efficient design strategies and to explore effective energy
saving measures. Different parameters within energy models were varied to perform comparison of base
case and alternative runs. Based on the calculation of annual energy balance and consideration of local
climate, specific types of renewable energy generation installations were selected and integrated in the
retrofit design program to ensure that enough energy can be generated on-site to offset the annual energy
balance in the building to zero.

2.0 CASE STUDY: ENERGY EFFICIENCY DESIGN STRATEGIES
The building that was chosen as the target for this research is a 200,000 sf old paper mill, located in Holyoke,
Massachusetts. As part of the revitalization plan of south Holyoke, retrofits of commercial buildings will
contribute to the development of a stable, healthy and desirable neighborhood in Holyoke in the next ten
years, bringing more open space, public facilities, and job opportunities to people who reside in this area.
Different energy efficiency design strategies were integrated into the redesign of this building, which are
discussed in detail in this section (Fig. 1).
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Figure 16LWHSODQRIWKHH[LVWLQJEXLOGLQJ



2.1. Building envelope
7KH ILUVW VWHS LQ DGDSWLYH UHGHVLJQ ZDV WR DQDO\]H PDVVLQJ RI WKH H[LVWLQJ EXLOGLQJ VWUXFWXUH DQG VSDWLDO
RUJDQL]DWLRQ DQG WR GHWHUPLQH KRZ H[DFWO\ WKH EXLOGLQJ IRUP ZLOO EH FKDQJHG DQG LPSURYHG ,W ZDV
GHWHUPLQHGWKDWSDUWVRIWKHEXLOGLQJZLOOEHGHPROLVKHG PDLQO\SDUWVRIWKHVHFRQGDQGWKLUGIORRU DQGWKDW
WZR DGGLWLRQDO IORRUV ZLOO EH DGGHG WR DFFRPPRGDWH QHZ EXLOGLQJ SURJUDP ZKLFK LQFOXGHV RIILFHV
FODVVURRPVPXVHXPUHWDLOVSDFHDQGDUHVWDXUDQW7KHPLGGOHSDUWRIWKHEXLOGLQJZDVUHGHVLJQHGLQWRD
FRXUW\DUGZKLFKDOORZHGWKHEXLOGLQJWRJHWEDFNWRLWVDSSHDUDQFHZKHQLWZDVILUVWEXLOWLQ WKHLQLWLDO
LQWHULRUFRXUW\DUGZDVFORVHGRIILQ¶V :LWKWKLVUHWULHYHGFRXUW\DUGGD\OLJKWLQJDQGQDWXUDOYHQWLODWLRQ
DUHLQWHJUDWHGDVSDVVLYHGHVLJQWHFKQLTXHVWRUHGXFHWKHHOHFWULFLW\FRQVXPSWLRQ([WUDFWLRQRIWKHH[LVWLQJ
EXLOGLQJPDVVDQGDGGLWLRQRIDQHZEXLOGLQJPDVVFUHDWHVHYHUDOURRIJDUGHQVZKLFKRIIHUSXEOLFVSDFHIRU
RFFXSDQWV SURYLGH DQ DUHD IRU SODFHPHQW RI SKRWRYROWDLFV SDQHOV DQG EULQJ SRWHQWLDO EXLOGLQJ HQHUJ\
UHGXFWLRQ EHQHILWV )LJ   $GGLQJ JUHHQ URRIV WR GLIIHUHQW OHYHOV RI WKH EXLOGLQJ DOVR LPSURYHV WKH WKHUPDO
SHUIRUPDQFHRIWKHURRIKHQFHOHDGLQJWRGHFUHDVHGKHDWJDLQGXULQJWKHVXPPHUDQGKHDWORVVGXULQJWKH
ZLQWHU$OVRDQQXDOLQWHUQDOWHPSHUDWXUHEHFRPHVPRUHVWDELOL]HGEHFDXVHJUHHQURRIDGGWKHUPDOPDVVWR
WKHEXLOGLQJ &DVWOHWRQ 




Figure 23UHDQGSRVWUHWURILWYLHZVRIWKHEXLOGLQJ


%XLOGLQJHQYHORSHXSJUDGHZDVDOVRDFKLHYHGE\LPSURYLQJWKHH[WHULRUZDOOLQVXODWLRQWRFRQWUROWKHKHDWDLU
DQG PRLVWXUH WUDQVIHU EHWZHHQ WKH ZDOO DVVHPEOLHV DQG WKH H[WHULRU HQYLURQPHQW 1HZO\ DGGHG WKHUPDO
LQVXODWLRQ DLU EDUULHU DQG YDSRU UHWDUGHU KHOS WKH EXLOGLQJ DFTXLUH LPSURYHG LQVXODWLQJ DQG DLU VHDOLQJ
SHUIRUPDQFH DQG DW WKH VDPH WLPH HQVXUH WKDW WKH PRLVWXUH SUREOHP FDQ EH DGGUHVVHG DGHTXDWHO\
([SDQGHG SRO\VW\UHQH (36  ULJLG LQVXODWLRQ SDQHOV DQG ILEHUJODVV EDWW LQVXODWLRQ ZLWKLQ WKH IUDPLQJ FDYLW\
ZHUHDGGHGWRUHVLVWWKHKHDWIORZDQGLQFUHDVHWKH5YDOXHRIWKHZDOODVVHPEOLHV%DVHGRQERWKHQHUJ\
HIILFLHQF\DQGPRLVWXUHFRQWUROFRQVLGHUDWLRQVWKLVIDFDGHUHWURILWGHVLJQLPSURYHVWKHWKHUPDOHQYHORSHRI
WKH H[LVWLQJ EXLOGLQJ SURYLGLQJ DQ HIIHFWLYH ZD\ WR LPSURYH HQHUJ\ HIILFLHQF\ DQG PDLQWDLQ WKH PRLVWXUH

224

ARCC 2015

|

Future of Architectural Research

For the top two floors, a new facade system was designed to provide appropriate visual environment for the
office areas and make full use of daylight to reduce energy consumption for lighting. Curtain wall system
and exterior horizontal sunshades system are combined together to achieve environmental optimization and
energy efficiency. The sunshades system is made of 12” wide aerofoil-shaped blades connected to the
framing system with mounting arms and mounting brackets (Fig.4). This shading system controls the direct
solar exposure and glare, making interior daylighting environment ambient and comfortable.

)LJXUH Facade system.

)LJXUH: Curtain wall and shading system.




3DVVLYHGHVLJQVWUDWHJLHV
Involvement of passive design strategies plays an important role in achieving energy savings in this
commercial retrofit design. Passive design strategies improve energy consumption by designing the building
form that responds to the environment, thus making it possible that to achieve high interior environmental
quality and low-energy demand at the same time (Hootman 2012). One of the most important applications of
passive design strategies that was applied to this building is to make full use of daylight. Since most
activities occurring in this building are during the daytime, using natural light can greatly reduce the reliance
upon artificial lighting. Also, cooling loads can be reduced if daylight is widely used in the building, because
even energy-efficient lighting fixtures can bring significant amount of heat during use (Aksamija 2013).
Approaches developed for maximizing exposure to natural light and controlling incoming daylight are based
on the comprehensive thinking towards the redesign of the building’s programs, layout, mass, and facade.
Daylighting design is developed based on the function of the space, requirement towards lighting quality,
and aesthetic value of the building facade. To better daylighting performance and improve the interior
lighting quality, manipulation towards the building mass was combined with integrated shading devices to
minimize direct daylight and encourage reflective daylight in order to achieve diffusive lighting performance.
Plus, building mass’s redesign also facilitated passive wind driven ventilation to reduce cooling loads in the
building. These design strategies are portrayed in Figure 5.

)LJXUH: Passive design strategies.

+9$&V\VWHPV
Efficient HVAC systems can improve human comfort and air quality in the building with application of
advanced heating, ventilation, and air conditioning technologies. Integrated HVAC systems in this retrofit
project were used to reduce the energy demand of the primary equipment and ensure low-energy
distribution. Biomass heating system is integrated into the building’s HVAC system by combusting biomass
fuels, which add to significant cost-saving, environmental, and social benefits. Since wood, agriculture
residues, and crops are the most common fuels for biomass energy systems, easy accessibility to these
organic matters in western Massachusetts area leads to reduced delivery and storage cost (Salameh 2014).
Compared to emissions related to combusting of coal or oil, pollutants linked to biofuel combustion, such as
nitrogen oxide and sulphur dioxide, are within lower amount (Fabrizio 2014).
Delivery of heating, cooling, and ventilation services to each part of the building effectively and energyefficiently is critical in low-energy HVAC system design. Smart control systems for temperatures
management in HVAC system can successfully save energy during the operation. By using modest
temperatures instead of extreme temperatures in the working fluids, it is possible to make better use of
natural resources for heating and cooling, protect the primary equipment, and minimize reheat energy.
Commercial HVAC smart control system is taken into the HVAC system retrofit to facilitate intelligent
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integration and optimization of HVAC system components in the building. Wireless temperature monitoring
system was considered as a strategy to improve HVAC control in the building, allowing that temperatures in
rooms with different functions can be adjusted intelligently according to their occupancy, human activities,
and specific requirements. Advanced wireless sensor technology allows required real-time data in the
building to be collected efficiently by the sensors. After the data is recognized by the main computer
monitoring system, signals can be sent based on the analysis of the collected data to control the supply air
temperatures and speed of the fan coil units. Reliable wireless monitoring system can effectively reduce
energy consumption during the operation of HVAC system and keep room temperature appropriately to
ensure human comfort. Also, compared to conventional wire solution, wireless installation is cost-effective
for retrofit application with significantly reduced labor cost. This type of system was considered for this
project.

02'(/,1*$1'6,08/$7,216
(QHUJ\PRGHOOLQJ
Using simulation software eQuest to build and analyze energy model of this commercial complex allowed us
to understand the energy consumption quantities, explore the energy saving potentials, evaluate different
sustainable design alternatives, and assist decision making process for choosing feasible and reliable
approaches (Fig. 6).

)LJXUH: Energy model in eQuest.

Building energy performance assessment was developed based on the creation of a virtual environment of
the building within its geometric configuration. Input data about building materials allows building envelope
system to be simulated accurately, and by varying the layers in the assemblies and parameters, it is
possible to understand the energy consumption fluctuations and determine solutions to maximize energy
saving potentials. Since this building has a complex form and different functions, the whole building energy
model was developed by building four shells and organizing them together in one model. Input data for
every shell was determined according to its size and program, building envelope treatment and system
loads (Table 1). By manipulating building materials, lighting power density, occupancy schedules, cooling,
heating, and lighting loads in the building were lowered significantly to acquire maximized energy savings.
The baseline simulation showed high annual energy consumption, with Energy Use Intensity (EUI) of 120
kBtu/ft2. Deep retrofit measures designed to address this problem incorporated control of internal loads and
operating schedules, lighting, and improvement in the building envelope. For museum, classrooms, stores,
and offices, different demand for interior lighting environment and occupancy schedules were taken into
consideration in energy modeling improvement process. Lighting power density (LPD), which is an important
value associated with energy efficient lighting design was reduced for all spaces in the building. In addition,
planning and rescheduling work time for every functional room made it possible that significant lighting
energy can be saved according to real occupancy situation, and accompanied occupancy sensors design
ensured that waste lighting electricity for unoccupied rooms is minimized. After applying all the possible
energy saving strategies, an alternative simulation run in eQuest was conducted to acquire a comparison
2
analysis, lowering the EUI value to 52 kBtu/ft . By comparing baseline run and alternative run, it was evident
energy performance improvement can be acquired after implementation of available and effective
approaches (Fig. 7)
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Table 1: Input for shells.
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)LJXUH: Results of energy modeling (annual electricity and gas consumption) simulations.

Other energy efficiency approaches involved in the improvement of energy model included using materials
that have high thermal mass and durability, such as stone, as well as applying better insulated glazing.
Since windows account for most energy loss in the building and glazing is so crucial to window energy
efficiency, improving glazing is an effective way to reduce energy transfer through the windows. Double
glazing with low-e coating and argon gas fill was selected to substitute glazing for windows, thus significantly
reducing heat transfer through the building envelope significantly. And the three critical properties in
evaluating the glazing’s energy performance – visible light transmittance, solar heat gain coefficient, and
insulating performance – were also taken into consideration during the decision making process.

5HQHZDEOHHQHUJ\V\VWHPV
According to the simulation results for monthly energy usage, it was evident that renewable energy sources
are necessary to achieve net-zero energy goals. Comprehensive thinking towards energy conversion ratio,
feasibility, accessibility, and cost contributed to the decision of selecting four types of renewable energy
systems to work together, generating enough energy to support the operation of the building system (Fig. 8).

)LJXUH: Integrated renewable energy system.

High efficiency commercial photovoltaics were considered to be placed on the roofs. Since the applied
photovoltaics are integrated in a grid-connected system, direct current power which is generated by the PV
arrays is converted into alternating current by the power conditioning unit to satisfy the building’s energy
demand (Masters 2014). Applying this grid-connected PV system in commercial retrofit project has a
number of benefits. With relatively simple configuration, it is easy to install and maintain the devices. Also,
considering the limited site around the existing building, high efficiency PV panels with desirable power
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demand. In addition, the working schedule for most spaces in the building are during the daytime, so PV
system can deliver power during the peak time when utility rates are relatively high. The design of PV arrays
involved a series of 240 PV panels, covering 50,000 sf roof areas to provide approximately 4,000,000 kBtu
energy annually. In addition, wind turbines were considered to be installed on top of the building to capture
wind energy on site. Medium vertical axis wind turbines which are 4ft wide and 8ft high with 2KW generator
were selected to be installed on the roof to generate about 1,800,000 kBtu energy per year. The reasons for
choosing this type of wind turbines included their high efficiency, possibility to catch wind from all directions
and simplicity in mechanical configuration. Since vertical axis wind turbines are without downwind coning,
rudders, and yaw mechanisms and their electrical generators are positioned close to the base, they are easy
to install and maintain.
Biomass and hydropower were also used in the design of renewable energy systems based on the
consideration of the accessibility towards the resources. Holyoke is located in western Massachusetts area,
which has rich agricultural resources, so it is cost-efficient to collect and deliver biomass materials. The last
renewable energy source that was considered for the retrofit design of the building’s energy system is
hydropower. The location of this building was the primary reason for including hydropower. Right beside an
important canal of Holyoke, this building can integrate the hydropower system in it with easiness. Although
site-based hydropower is not widely used in commercial buildings due to specific site requirements and
access to water, this particular building has a great potential due to its proximity to canal and existing
hydropower turbines in the City of Holyoke. Different from solar power, which only works during the daytime
with enough solar radiation, hydropower’s availability is very flexible, so it is possible to get a long-term,
stable, and dependable payback with one-time investment. For this building scale, a micro hydro system is
suitable for placement, and a turbine can be applied to transform potential energy from the water flow into
mechanical energy first, and this mechanical energy can be transformed into electric power later for building
usage. Incentives for micro system applications are widespread, which can offset a significant part of the
cost for equipment purchase and instalment (Jenkins 2013).
The renewable energy systems that incorporate solar energy, wind energy, biomass, and hydroenergy made
it possible to achieve net-zero energy goals, thus meeting the energy demand of the building with renewable
energy sources on site. The breakdown of the supplied energy by renewable sources is shown in Figure 9,
where solar energy accounts for 45% of the total renewable energy support, satisfying the energy needs of
the building as the major renewable energy source (Fig. 10). Hydroenergy, biomass, and wind energy
systems work together to make up for the rest energy need, generating more than 5 million kBtu energy
annually.

)LJXUH: Renewable energy sources.

)LJXUH PV system energy output.


&21&/86,21
In exploring the applicable net-zero energy design approaches for commercial retrofits, rethinking towards
the NZEB concept and all the possible strategies that can be integrated into an existing building must be
taken into account. It is necessary to consider comprehensive methods for sustainable design, adaptive
reuse, and new energy systems. Achieving net-zero energy goals in commercial retrofits with available
technologies is challenging. However, with careful attention to adaptive design strategies, building envelope
treatment, passive design approaches, appropriate HVAC systems and utilization of renewable energy
sources it is possible to achieve that goal. Energy modelling and simulations, which uncover the energy
saving potentials in every energy-saving measure, are beneficial tools in retrofit design and should be widely
applied. Local resources, environment, and human activity should be considered during the decision making
process, contributing to develop an integrated building system that enables new opportunities for energy
saving and building performance improvements.
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