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EXECUTIVE SUMMARY

Overview and Scope

This case study is prepared by the Rutgers Center for Green Building (RCGB) and was commissioned by the
New Jersey Chapter of the U.S. Green Building Council (USGBC-NJ). It is a product of the Green Building
Benefits Consortium (GBBC) - a partnership between the Rutgers Center for Green Building and the New Jersey
Chapter of the U.S. Green Building Council. The consortium is made up of a broad range of stakeholders in the
building industry, including building owners, developers, facility managers, contractors, manufacturers,
architects, engineers, green building experts, consultants, investment funds, government agencies and
professional associations.® The partnership creates the opportunity for industry stakeholders to guide research
on topics of green post occupancy evaluation (POE), such as increased energy savings and enhanced occupant
satisfaction and performance, which have the potential to maximize benefits to companies and industries.

This case study assessed the Maplewood Police and Court Building, 1618 Springfield Avenue Maplewood, NJ
07040-2414. This building was the 33 LEED certified building in NJ and the first municipal building to be
certified by the U.S. Green Building Council’s (USGBC) Leadership in Energy and Environmental Design (LEED)
green building rating system. This study develops a synthesized analysis on physical performance measures in
such areas as energy and water consumption, and construction and operation costs, and survey work in the
areas of occupant comfort and satisfaction. This work includes the following:

1. Descriptions of the building’s green features in seven key areas: Site Selection and Planning,
Construction Management, Landscaping, Building Design, Building Materials, Building Systems, and
Other Features.

2. Interviews and questionnaires with the building owner, design team, engineering team, facility
manager, and others to gather information on energy and water use, indoor environmental quality,
occupant satisfaction, and avoided infrastructure costs.

3. Analysis of actual energy performance and economic assessment of the building through a Life Cycle
Cost (LCC) analysis.

4. Assessment of environmental impacts of energy and water use.

The combination of the above research provides the basis for this case study write-up that evaluates building
performance, occupant satisfaction and cost considerations.

1 RGBBC owner members include/have included BASF; Back to Nature, LLC; Department of Treasury, State of New Jersey; Division of
Property Management and Construction, State of New Jersey; Gensler; Liberty Property Trust; MaGrann Associates; New Jersey Chapter of
the National Association of Industrial and Office Properties (NAIOP); New Jersey Future; New Jersey Home Mortgage Finance Agency
(NJHMFA); PNC Real Estate Finance; Skanska; Sustainable Growth Technologies/Willow School; Turner Construction-NJ; Wachovia Bank,
N.A.
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Key Findings

The building is largely successful but has yet to reach its full potential for energy savings because of recurring
HVAC issues. It generally works well and has been well received. Occupants and visitors are pleased with the
building although there are complaints about thermal comfort and adjustability. Passive systems, such as the
use of daylighting to reduce the level of use of electric lighting function well, although there have been issues
with glare on computer screens that have resulted in building adjustments.

Heating and cooling systems have not been operating at optimal levels even after several years of operation
and extended attempts at balancing. Energy use is better than or comparable to other similar buildings (non-
LEED certified) in this region. Water use appears to be in the low normal range for a building of this type. The
photovoltaic system is working well and performing in line with design projections.

Our Life Cycle Cost analysis shows that the as-built building is slightly less expensive on a life-cycle basis than
the conventional, budget alternative as modeled in the LEED submittal. The net economic benefits of the green
features in the design are marginal, although this conclusion varies greatly depending on assumptions about
future energy prices, discount rates, and building lifetime. Improved HVAC performance resulting from current
(Fall 2010) efforts to adjust systems also could significantly improve net economic benefit. Solar Renewable
Energy Certificates (SRECs) are a crucial element in the positive economic performance of the building

Green and security requirements do not seem to be in conflict in this building although the potential for
differing design needs exists, and in some ways these requirements support each other. The design of this
facility has minimized the potential conflict, although more focused attention on these issues could lead to
greater synergies for future buildings.

There are several lessons presented by this building:

Daylighting is a valuable and appreciated feature but issues relating to glare that can impact
productivity need to be addressed in architecture and interior design;

- Decisions to make use of sophisticated HVAC and control systems need to consider the
skill/training level, availability and cost of personnel needed to adequately maintain these
systems;

- There are concerns about the accuracy of energy use predictions that were part of the LEED
submittal, which may suggest a broader issue about reliance on such models;

- The life-cycle cost effectiveness of a green building is diminished if it suffers from an extended
startup period of suboptimal performance; designing for partial and widely variable loads is a
challenge of buildings like this and needs to be better addressed;

- The financial viability of adding green features is not a given and in some cases depends heavily
on financial subsidies, such as SRECs.

Phone: 732/932-4101 x520  greenbuilding.rutgers.edu Fax: 732/932-0934



Image 1: Maplewood Police and Court Building exterior. Source: Richard Wener

INTRODUCTION

This case study of the Maplewood Police and Court Building is prepared by the Rutgers Center for Green
Building (RCGB). It was commissioned by the New Jersey Chapter of the U.S. Green Building Council (USGBC-
NJ) in order that best practices and lessons learned could be documented and shared with the building design
and construction industry as well as with operators and occupants of green buildings. The case study building,
which was built by the Township of Maplewood, was the first municipal building in NJ to be certified by the U.S.
Green Building Council's (USGBC) Leadership in Energy and Environmental Design (LEED) green building rating
system. In particular, this building was enrolled in the U.S. Green Building Council’s LEED New Construction
(NC) Version 2.1 program and received the LEED-NC Silver rating.

The green building and development communities have repeatedly asked for more evaluation of what works in
green building.2 While architects, engineers, and developers generally understand the concept of green
building, their high priority questions are about the bottom line: Are green buildings as attractive to occupants?
How do they perform in terms of energy and water consumption, emissions of greenhouse gases, employee
recruitment and retention, occupant performance, and occupant health? For this building in particular, it also
is appropriate to ask if there are conflicts between design for sustainability and security. This report evaluates
the performance of the Maplewood Police and Court Building and analyzes occupant satisfaction and comfort,
in order to advance research and understanding of the benefits of green buildings.

2 Building Design + Construction, Green Buildings and the Bottom Line, special report, November 2006, available online at
www.bdcnetwork.com. See also Green Building Financial Consortium, Research
Agenda, 2006, available online at www.greenbuildingfc.com/home/researchagenda.aspx
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BACKGROUND

The Maplewood Police and Court Building was built as a response to a longstanding need for increased and
improved space for police and court functions. The original Maplewood Police and Court Building is on Dunnell
Road. It stands among a group of municipal buildings that surround Memorial Park; this design was envisioned
in the original Olmstead brothers' plan for a central town green enveloped in municipal services. The original
facility was considered state-of-the-art when it opened in 1930 and an addition was constructed in 1985;
however, by the end of the 20th century the building did not serve its contemporary functions adequately
enough. In addition to persistent flooding problems (due to its location within a flood plain of the east branch of
the Rahway River), it was too small for the number of personnel and services in the police and court systems,
did not sufficiently accommodate the integration of females into the police force, and had difficulty with the
infrastructure necessary for modern telecommunication systems.3

Once the decision was made to build a new facility, location was a primary concern. A site along Springfield
Avenue - the commercial district on the eastern end of Maplewood, away from the traditional town center
“village” - was chosen to support redevelopment (the new facility is in a designated redevelopment zone) and
help alleviate crime in that area.

Image 2: Springfield Avenue Redevelopment Plan. Source: Springfield Avenue Redevelopoment Plan, Township of Maplewood, New Jersey

3 Report for proposed Memorial Park Historic District, Maplewood Historic Commission, 2008.
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The Goldstein Partnership, an architectural firm with experience designing municipal and public safety
buildings, was chosen to design the facility. The original discussions between township officials and the
designer did not require a LEED-certified facility. That decision came later when it became clear that initial
design plans approximated LEED criteria sufficiently enough to obtain LEED certification with only minor
additional design features. Seeking green building status also fit the stated goals of township officials to make
Maplewood an example of a green community. Maplewood was a 2008 EPA Environmental Quality Award
Winner, a partner in the Cities for Climate Protection campaign of ICLEI Local Governments for Sustainability,
and in 2009 was named winner of the Sustainable New Jersey™ award for leadership.

BUILDING DESCRIPTION

The primary goal of this facility was to provide increased and better quality space for police and court
functions, including infrastructure to support advanced telecommunications technology. In addition, the space
was intended to provide facilities for public meetings as well as a presence on Springfield Avenue to support
redevelopment in that area of town.

The facility program contained a number of elements including a public foyer with public meeting rooms,
secure offices, a courtroom and offices for related court functions, conference rooms, jail cells, an exercise
room, locker and shower rooms, an indoor shooting range, and a police command center with computers and
advanced telecommunications equipment.

The 5,000 square feet of the 3 floor of the building was designed as overflow or future growth space. It
currently is vacant and therefore is conditioned minimally. Since the court is in session only one night a week
and most of the uniformed police officers spend the bulk of their shifts on patrol, the rest of the building
normally has a relatively low occupancy level (often only 20 to 30 people are in the building). However, the
building is designed to accommodate regular periods of high use (more than 200 people) when court is in
session and police shifts change.

The final construction cost of the Maplewood Police and Court Building was $16,258,000. Bonds sold by the
Township of Maplewood primarily financed these costs. $1,250,000 was provided by State of New Jersey

grants, including a rebate for the photovoltaic panels.

Building Overview

Location: 1618 Springfield Avenue, Maplewood, NJ 07040

Building Type: Governmental building, including court, police, detention, office,
public meeting areas and other facilities

New Construction Four-story building, including basement
Program: Use as police and court center

Total Cost (land purchase excluded): $16.2m

Area / Building Footprint: 41,850 SF / 12,950 GSF
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Year of Completion: 2008

LEED Rating: USGBC LEED-NC Silver Rating (33 points)

Financing: Township bonding, State New Jersey grants including rebates and
credits for photovoltaics panels

Image 3: Aerial view of building and surrounding area. Source: Google Maps

Building Team

The Goldstein Partnership, Architects, Millburn, NJ: Eli Goldstein, AIA, PP, LEED AP, Principal-in-Charge & Lead
Designer. Laura Berwind, AlA, Project Manager

Severud Associates, Structural Engineers, New York, NY

Omdex Incorporated, Mechanical/Electrical Engineers (formerly KFA Consulting Engineers), Midland Park, NJ
Nassoura Technology Associates, Technology Consultants, Warren Township, NJ

Frank H. Lehr Associates, Site/Civil/Geotechnical Engineers, East Orange, NJ

Ostergaard Acoustical Associates, Acoustical Consultants, West Orange, NJ

Edgewater Design, LLC, Landscape Architects, Millburn, NJ

Seacoast Builders Corporation, General Contractor, and its many Subcontractors

Horizon Engineering Associates, LLP, Commissioning Authority, New York, NY
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Building Layout

The new Maplewood Police and Court Building has a symmetrical facade that faces onto the busy commercial
street of Springfield Avenue. The eastern end of the site abuts the large parking lot of a new Mormon Church.
Through an agreement with the town, visitors to the station can use this lot on weekdays saving the need to
create additional surface parking. The north end of the site overlooks Maplecrest Park, providing views to a
verdant exterior on that side of the building and adding additional security for park users.

The facility consists of a basement and three stories. The basement includes holding cells, equipment, a
shooting range, locker room, the primary mechanical and electrical equipment rooms, several large storage
rooms, and exercise room for staff. In order to meet
indoor air quality standards (which have caused many
shooting ranges in the region to shut down), the air
quality issue is addressed by providing ventilation with
high levels of air exchange in the shooting range
(9600 cfm).

The first floor has two conference rooms that are
available for public meetings, a courtroom and court
facilities, and 9-bay garage and controlled entry to the
secure section of the building which contains the
command center and several meeting rooms and
offices.

Image 4: Interior of courthouse.
Source : Image Up Studio, Metuchen, NJ

The second floor contains the training room, most police offices, the
police conference room, two public meeting rooms, and a small
break room. The third floor is set as space for future expansion and
currently is vacant. The roof holds the photovoltaic array and the air
handling units, including their air intakes.

Image 5: Ground-mounted cooling tower. Image 6: Rooftop PV array.
Source: ClintonAndrews Source: Image Up Studio, Metuchen, NJ
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Image 7: Building foyer and atrium. Source: Image Up Studio, Metuchen, NJ

Green Building Strategies and Technologies

What makes this a green building?

The Maplewood Police and Court Building was registered and subsequently certified under LEED-NC 2.1,
achieving 33 points (see Appendix A) and earning a Silver rating. It received Sustainable Sites credits for its
infill site selection, access to public transportation, bike racks and changing rooms, and storm water
management. It earned Water Efficiency credits for water-efficient landscaping and efficient plumbing fixtures.
It earned Energy & Atmosphere points for energy-efficient lights and HVAC, a solar photovoltaic array, green
power purchases, additional commissioning, and use of non-ozone depleting refrigerants. It earned Materials &
Resources credits for diverting construction waste from the landfill, specifying materials with a high recycled
content, and buying locally. Indoor Environmental Quality credits included carbon dioxide monitoring and
control, use of low-emitting materials, and extensive daylighting and views.

Phone: 732/932-4101 x520  greenbuilding.rutgers.edu Fax: 732/932-0934
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Daylighting design perhaps is the most noticeable green
feature. The foyer includes an atrium brightly lit by first-and
second-floor windows. The floor of the foyer includes a section
made of glass block to allow daylight into the basement
exercise room below. Transparent upper walls at one end of
the courtroom allow daylight from the atrium to penetrate deep
into the sizable interior space. Exterior offices and conference
rooms enjoy large windows equipped with adjustable shades,
and feature upper windows that use more highly transparent
glass than the eye-level windows to reduce glare and allow
deeper penetration of daylight. A single row of windows
surrounds the entire second floor, allowing an abundance of
natural light into the offices, conference rooms, and main
lobby. These windows feature exterior light shelves to reduce
glare. The third floor has clerestory windows for natural light.
Stairwells also have windows, providing light and visibility for
safety. Electrical lights are equipped with daylight sensors.

The solar photovoltaic (PV) array is another major green | ) I .

mage 8: Glass tiles in foyer floor allow daylight tol
feature; however, because it is located on the roof it is not penetrate into basement. Source: Clinton Andrews
visible to casual observers. To help make the use of this
technology visible to the public, there is a live display in the
front lobby of the building that reports in real time how much
electricity the PV system is generating.

The basement-level shooting range has a high-volume
ventilation system for removal of smoke, gun powder and
particulate matter during use. This 100% outside air system
provides ventilation and heating, but no cooling. To recapture
heat, there is a heat reclaim system consisting of a cooling coil
in the exhaust duct that is connected by a pumped water loop
to a heating coil in the supply air duct.

Temperature control is maintained by supplying varying

Image 9: Basement exercise room with
amounts of heated or cooled air through variable air volume daylight provided by glass tiles in floor

(VAV) boxes. VAV boxes serving rooms with wide hour-to-hour above. Source: Image Up Studio,

L . Metuchen, NJ
variations in occupancy (courtroom, conference rooms) rely on

carbon dioxide (CO2) sensors as well as temperature sensors to
control the rate of air flow. This should save energy by reducing
airflows when fewer people are present.

Building air is highly filtered. The rooftop air handling units include two-stage filtration systems. The building
management system alerts the building manager when the filters need changing. One-gallon-flush toilets, low-
flush urinals, low-flow showerheads, and sensor-activated lavatories were installed to reduce use of potable
water.

Phone: 732/932-4101 x520  greenbuilding.rutgers.edu Fax: 732/932-0934
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Site Selection & Planning

Sustainable site planning requires a holistic approach that aims to reuse and restore existing site systems via
the adoption of ecologically based strategies. The Maplewood Police and Court Building site is approximately
1.5 miles from the Maplewood NJ Transit Train Station which features frequent trains to Hoboken and New
York Penn Station; a jitney service provides bus access to and from the station during morning and evening
weekday rush hours. There are nearby NJ Transit bus stops for buses that run along Springfield Avenue east to
Irvington and Newark and west towards Millburn. The station has a public bike rack space for 10 bikes. The
site plan provided a reduced number of new surface parking spaces through the shared parking arrangement
with the neighboring church. A smaller separate lot within a secure fence is provided for staff.

Construction and Waste Management

For the building construction, 20% of the materials were sourced and manufactured in Vermont and
Pennsylvania. The steel was produced locally in New Jersey. Under the supervision of the contractor, a waste
management plan was implemented during construction. This plan diverted 75% of the construction waste
material from landfill through reuse or recycling, earning 2 LEED credits. Materials used with recycled content
included recycled rubber floor tiles in the fitness area.

Landscaping

Due to its location in a compact urban site, there is a relatively small amount of landscaping. The vegetation
used is indigenous to the area, comprised of groundcovers, shrubs and trees that would require little to no
watering nor pesticides and fertilizers. The fact that the plants will only need to be watered after they are
established, and that there will be no need for automatic sprinklers, translates into energy and water
conservation for the project. (see Appendix B for the plantings chart).

Building Design

The building faces south onto Springfield Avenue. Offices on the north side, including the main conference
room, have a view overlooking Maplecrest Park, which not only offers attractive green vistas for those inside
the building but also provides added security for park users. This steel-framed brick-faced building includes
three floors above grade and one below. Its 114 ft x 111 ft footprint totals 41,850 square feet of conditioned
space, broken down as follows:

Basement: 12,950 GSF
1st Floor: 12,950 GSF
2nd Floor: 10,950 GSF (less than the 1st floor due to floor openings for courtroom and lobby)

3rd Floor (unfinished): 5,000 GSF

Phone: 732/932-4101 x520  greenbuilding.rutgers.edu Fax: 732/932-0934
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The police building is constructed of red brick with white cast-stone trim. It features a broad round-arched
central entranceway trimmed with cast stone. The red brick, archways, and Flemish detail were chosen for
,ﬁ similarity to  other Maplewood
> municipal  buildings. Clerestory
sl windows (faced with a brise-soleil)
form a ribbon around the building just
under the cornice. The roof consists of
a series of hipped sections with two
small polygonal dormers near the
front. The design intended for the
building to be consistent with the
1920s historical revival style of other
township buildings.

Building Materials

The  building uses  steel-frame
Image 10: Building exterior showing clerestory windows. Source: Image Up Studio, construction. Eight-inch steel stud walls
Metuchen, NJ are filled with 8” fiberglass insulation
blankets. The insulation value for the walls is R-21 with a U-factor of 0.097 (R-13, U-factor = 0.124 was
required by ASHRAE-90.1-1999). The roof insulation has an R-30 value with a U-Factor of 0.034 (compared to
ASHRAE-90.1-1999 minimum R-15, U-factor 0.063).

The building uses double-pane solar control low-e glazing with a U-value of 0.27 to 0.29 (ASHRAE 90.1 U =
0.57). The solar heat gain coefficient (SHGC) ranges from 0.24 for vision glass and 0.38 for daylighting glass
(compared to 0.39 allowed by ASHRAE 90.1).

Building Systems

The building is heated by natural gas-fired boilers that deliver hot water to coils in rooftop air handling units
and a variable air-volume (VAV) air distribution system. The cooling plant includes a wet cooling tower to
discharge heat outside the building, a condensing water loop connecting the cooling tower to two multi-stage
reciprocating chillers, and a chilled water piping system that connects the chillers to cooling coils in the rooftop
air handling units.

The boilers are both modulating (each from 100% to 20% in sequence) and the two two-stage chillers were
designed to come on in a total of four stages so that overall output can be scaled according to need. The
cooling plant has a total cooling capacity of 100 tons (400 sq. ft./ton) for the purpose of reliability. It is
programmed to run variable loads from O to 100%.

Commisioning

Both initial and enhanced commissioning were conducted at the Maplewood Police and Court Building.
Commissioning involves reviewing design documents, performing field visits to the building, operating building
systems in their various modes, and monitoring the resulting performance of the building. Initial
commissioning is intended to confirm that building systems are performing as designed. Following operator
reports of mixed performance for the heating and cooling systems, enhanced commissioning was undertaken
to see if performance could be improved. Continued efforts to fine-tune the building are clearly warranted.
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PosT OccupANcy EvALUATION (POE)

This study evaluates the Maplewood Police and Court Building on a variety of different parameters including
environmental and economic performance, occupant satisfaction, and avoided infrastructure costs.
Collectively, this research is called post occupancy evaluation (POE), although a POE need not include all of
these elements. POE of green buildings tends to focus on hypotheses linked to green building benefits, and the
extent to which these are realized. As with any POE, the associated analysis is part of a crucial feedback loop
to inform future design choices and operating practices. The following sections provide a detailed analysis of
the objectives and outcomes of the Maplewood Police and Court Building from building performance and
occupant - user and operator - points of view.

Green Strategy Performance

The daylighting strategies largely seem to work well. Daylight reaches into the courtroom during
the daytime and most exterior offices and conference rooms have their lights turned off.
However, window blinds are closed in some offices with computer screens because of glare.

The solar PV system appears to be working well and in line with pre-construction modeling. The
system as designed is the maximum size that can fit on the roof and generates substantial
amounts of electricity throughout the year, reducing utility electricity purchases by about 2-7 %
annually.

Image 11: Offices with
shades drawn. Source:
Clinton Andrews

Figure 1: Monthly Solar Panel Energy Generation
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The shooting range, which requires 100% outside air and frequent air changes, has a heat recovery system
that extracts heat from the exhaust air and uses it to pre-heat the incoming fresh air. The system appears
sound but is rarely used because the shooting range itself is used only a few hours per week. Because of this
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infrequent use the heat recovery system will take a long time to pay off. The town intends to recover costs by
renting out use of the range to other jurisdictions, but so far no clients have been found.

The CO2 sensors in the courtroom and conference rooms appear to function well based on multiple visits to the
building, the building manager does not report any “stuffiness” complaints in these rooms. However, the
architect suspects that the system is not responding properly to the sensor readings, resulting in substantially
more fresh air exchange than called for by occupant load.

The air filtration system seems to work well, as does the notification feature that alerts the building manager to
replace filters.

There are several issues affecting the startup period of this building that are worth mentioning. These are not
related to the green elements per se, but they may affect the building’s overall performance along key
sustainability metrics such as energy use per square foot. Key observations follow:

There appears to be a cycling problem with the chilled water system4. Chilled water is supplied by two two-
stage reciprocating chillers cooled by a wet cooling tower located in the parking lot. The four-stage design
accomplishes two things, first, it allows efficient part-load operation, and second, it provides redundant,
backup capacity for cooling the police station, which is a 24/7 activity. The building management system
(BMS) shows that most of the time just a single stage of one chiller needs to run to satisfy the cooling load,
confirming the value of the multi-stage technology.

However, that single stage cycles on and off quite frequently, and the temperature rise across the cooling coils
is smaller than they were designed for, leading the control system to throttle down the amount of chilled water
going to the cooling coils and open a bypass valve to shunt the excess chilled water back to the chiller. Some
possible reasons for the cycling problem include operational decisions, the low capacity factor of the building
(i.e. the demand for cooling fluctuates widely between low occupancy for most hours and large crowds during a
few hours), the third floor of the building is currently unoccupied and uncooled, the server room in the
operations center might once have been designated to be air conditioned from the central system (it instead
has its own dedicated AC system), or the building envelope is tighter than expected so that the cooling load is
lower than planned. The minimum time for a cycle for the chiller is three minutes to either turn on or off; this is
set by the manufacturer to prevent rapid cycling to burn out the relays in the system. The BMS shows that the
chiller is often cycling exactly at this six-minute rate. The owner should undertake further efforts to fine-tune
this system.

It is worth noting that even with this problem causing inefficiencies in use of the chiller (and similar issues with
the boiler that were addressed in the summer of 2009), the analysis of energy bills below, particularly for
electrical usage, suggest that electricity use still was at or below predicted levels for most of the life of the
building to date, and natural gas use is in line with similar buildings in this geographic region.

The control system is divided into three parts provided by three vendors: major equipment auto-controls are
from the manufacturer of the mechanical equipment; some local controls within the boiler room are provided
by another vendor; and the building management system came from a third vendor. Either these systems are
not fully interoperable or the building management system is not performing properly.

4 A detailed independent engineering study and re-commissioning of HVAC systems was underway at the time this report was completed.
These comments do not attempt to anticipate the results of that more detailed effort.
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Domestic hot water for hand-washing and showers comes from one of the boilers rather than a dedicated
water heater. Thus, one of the boilers has to run all summer. It is possible that a dedicated water heater might
save money and reduce greenhouse gas emissions. The current configuration is the result of modeling during
the design phase, which rejected use of a separate domestic hot water boiler.

The cooling tower, located in the parking lot because of the expanse of solar collectors on the roof, is
positioned to be as far as possible from neighboring buildings because of the noise it generates. Its current
position, however, is underneath several oak trees, and leaves and twigs from these trees get entrained into
the water that circulates between the chillers and cooling tower, thereby causing clogging problems. The
building manager has added a screen on the blower intake and plans to add a cap to mitigate this problem.

Green Building and Security Objectives

Do the green and security objectives of the building program conflict with or complement one another? The
best way to answer to this question is on a feature-by-feature basis. Some conflict, others are complementary.

Solar PV array: The PV array could provide a small measure of energy self-sufficiency to the building while also
reducing greenhouse gas emissions and local air pollution. However, such a secure arrangement would require
circuitry and battery storage to allow the output of the PV array to be dedicated to the police operations center
in case of an emergency that might cause both the electric grid and the building’s emergency generator to fail.
Nevertheless, the PV array would only be able to supply a small fraction of the control room's power needs..

Air filtration: The two-stage filtration of air hinders the infiltration of not only regular pollutants but also some
types of airborne chemical and biological threats. Additionally, by locating the fresh air intakes on the roof, the
building avoids ground-level contaminants such as automobile exhaust while also making it much more
difficult to purposefully introduce noxious substances into the HVAC system. It may be worthwhile for
emergency planning purposes to examine the efficacy of the current filters in removing specific types of
chemical and biological threats.

Daylighting: The many windows provide access to views, which increase occupant satisfaction and allow
surveillance of nearby areas and promote both green and security objectives. The high glazing percentage may
make the building more vulnerable to a concerted attack, although this threat is minimized by the strategic
locations of windows and the placement of highly secure areas (operations center, jail cells) in interior spaces.
The windows help reduce the demand for electricity for lighting purposes but simultaneously increase heating
and cooling loads, which increase the demand for electricity and natural gas and detract from both the green
and security objectives. Finally, the windows allow much of the building to remain usable during daylight hours
even if there is an electricity outage.

The net effect is arguable: windows are both green and non-green, secure and not secure. Their aesthetic and
psychological benefits are large, and for many people these trump the economic considerations. Security
considerations can be managed with careful design.

Energy and water efficiency: The green and security aspects of efficient utilities are clearly complementary.
They reduce environmental impacts and reduce the level of service required for minimum secure functioning of
the building.
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Operations center: The 24/7 schedule and energy-intensive activities that take place in the operations center
make it an area where green and security objectives conflict. It becomes a security objective that the green
building’s program must accommodate.

Shooting range: Much like the operations center, the shooting range is a difficult programmatic element to
include in a green building. The heat reclaim system is an innovative solution, but it is unlikely to be cost-
effective.

Building Water Consumption Performance

Water bills for the Maplewood Police Department and Court House provide a snapshot of water use. Billed
monthly usage varies both due to changes in actual water usage, and because of inconsistencies in the timing
of meter reading. However, the 334,000 total gallons consumed over the 322 days give us a basis for
estimating average daily usage at 1037 gallons per day.

The literature usually reports water consumption on a normalized, per square foot or per capita basis.
Therefore, it is necessary to divide the average daily usage by the floor area or the average number of
employees. Dziegielewski et al (2000) summarize field studies of 74 office buildings and find that water usage
including landscaping ranges from O - 3 GPD per square foot of building area (mean is 0.2), or, normalized by
employee, it ranges from 4 - 3636 GPD per employee (mean is 137). In a closer look at five office buildings,
Dziegielewski et al (2000) are able to exclude landscaping uses and report only indoor uses. This analysis
yields a range of water use of 0.03 - 0.16 GPD per square foot of building area. For the subset of buildings
with employee counts, the range of water usage is from 9 to 42 GPD per employee for indoor uses.

The Maplewood Police Department and Court House has 41,850 square feet of floor area, so its normalized
usage is 1037 GPD / 41,850 SF = 0.025 GPD per square foot, putting it at the low end of the range reported
in Dziegielewski et al (2000). Gauging water usage on gallons per square foot may overstate efficiency, since
this facility is large for its typical number of users. Assuming 30 users (the number of people most commonly in
the building during a typical work day) water usage is 1037 GPD / 30 persons = 35 GPD/person, putting it
within the range reported by Dziegielewski et al (2000). Thus, depending on the normalization method, water
usage at the Maplewood Police Department and Court House is in the low to normal range. If we expand the
number of users to account for the times of day when there are many more persons in the building, the usage
levels approach the low end of range in buildings presented in Dziegielewski et al (2000).

Building Energy Consumption Performance

Introduction

A public safety building generally is more energy intensive than a typical commercial building because of its
schedule and equipment requirements. In a nationwide sample, annual delivered energy use, including
electricity, natural gas, and other fuels, averaged 115.8 kBtu/SF in public safety buildings and only 89.8
kBtu/SF in typical commercial buildings, a difference of 29%.5

5 Energy Information Administration (EIA), U.S. Department of Energy. 2006. Commercial Buildings Energy Consumption Survey 2003,
Table C3. Retrieved on January 31, 2010 from
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set9/2003html/c3.html
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Making the Maplewood Police Department and Court House energy efficient is therefore both a significant
design challenge and a high priority. The building includes several features designed to reduce utility bills,
notably a photovoltaic array to generate electricity from sunlight, a tight building envelope, extensive reliance
on daylighting, a heat recovery system, high-efficiency mechanical and electrical system components, and a
sophisticated building management and control system. This section evaluates the building’s energy
performance since the time it was built.

Methodology

This study analyzes utility billing data for the building, examining patterns of electricity and natural gas usage
over time and comparing this building’s energy use to several benchmarks. The research team also visited the
site several times and conducted multiple interviews with key actors, including the architect, building manager,
building users, and township representatives. The team reviewed archival data including building plans and
LEED submittals. Working with the building manager, the team was also able to review trend logs generated by
the building management system. Finally, the team used industry-standard data for climate, energy prices, and
typical commercial building energy performance to complete the analysis.

Township representatives provided monthly electricity and natural gas bills from PSE&G for the building from
January 2008 forward. The electricity generated by the solar array was tracked separately by Solar Energy
Systems from March 2008 forward and their website provided access to those data.

One point of comparison is to the old police building in Maplewood. Utility bills for this building have been lost,
so it was necessary to convert accounting entries (in dollars) into kWh of electricity and therms of natural gas.
This was done by dividing the total billing amount by historical monthly average electricity and gas prices for
commercial customers in New Jersey® to yield kWh and therm usage estimates. We should note, though, that
while use and function is similar in the old and new police building, amenities and equipment differ
significantly. The new building is, by intent, significantly larger and will use significantly more energy than the
previous one, even if more efficiently per square foot.

Another point of comparison is the design intent as documented in the computer modeling done for the LEED
submittal required by the U.S. Green Building Council.” The LEED submittal includes two scenarios: the “green”
design case representing the proposed design, and a conventional building “baseline” or “budget” case that
complies with the ASHRAE 90.1-1999 standard. The modeling outputs include monthly electricity and natural
gas usage by end use. Differences between the design and budget cases are summarized in Table 1 below.

6 Energy Information Administration (EIA), U.S. Department of Energy. 2010. Electric Power Monthly. Retrieved on January 30, 2010 from
http://www.eia.doe.gov/cneaf/electricity/epm/table5 6 a.html. Natural Gas Navigator. Retrieved on January 30, 2010 from
http://tonto.eia.doe.gov/dnav/ng/hist/n3020nj3m.htm.

7 Modeling output reports submitted as documentation for LEED-NC EA credits, October 15, 2007. Available from The The Goldstein
Partnership, architects, Maplewood, NJ.
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Building M&P Element

Building Design

Conventional “Budget” Case

HVAC System Type

e AHU-1, AHU-2 VAV with HW
reheat

 Chilled water for AHU's
provided by water cooled
chillers in building

* Heating hot water for AHU's
and VAV's is provided by a boiler
in the building

* Same as Design Energy Case
per Figure 11.4.3 and Table
11.4.3a in ASHRAE 90.1-1999.
System types selected from Table
11.4.3a include:

* LEED EMP Exception System 4:
AHU-1, AHU-2 & DX cooling under
150 tons

Air-Side Economizer Controls

* Enthalpy-based air-side
economizers

¢ Dry Bulb Air-Side economizers

AHU Fan Properties

All AHU's
e 3.5" total fan static pressure
* Mechanical efficiency: 72%

AHU-1 & AHU-2

* Motor efficiency:93%

e Variable Speed Drive

e Supply Air Flow: 17,500 cfm

All AHU's

¢ 3.5" total fan static pressure
¢ Mechanical efficiency: 72%
AHU-1 & AHU-2

* Motor efficiency:93%

* Forward-curve fan with inlet
vanes

e Supply Air Flow: 17,500 cfm

Boiler Efficiency

* 87.5%

* 80%

Cooling

¢ 0.660 kW/ton

* 10.0 EER

HVAC Circulation Loop Properties

* Water loop is variable flow

e CHW Pump Head: 75 feet

e CHW Pump Efficiency: 70.6%
(motor + impeller)

* Hot Water loop is variable
flow

e HW Pump Head: 60 feet

* HW Pump Efficiency: 65.8%
(motor + impeller)

¢ Water loop is variable flow

* CHW Pump Head: 75 feet

¢ CHW Pump Efficiency: 70.6%
(motor + impeller)

¢ Hot Water loop is a constant
flow

¢ HW Pump Head: 60 feet

¢ HW Pump Efficiency: 65.8%
(motor + impeller)

Domestic Water Heating

* One 225-gallon storage water
heater with 87.5% efficiency

* One 100-gallon natural gas
storage water heater with 80%
thermal efficiency

Firing range Ventilation System

* 9600 cfm exhaust and
makeup air handlers with heat
recovery coil in each connected
by refrigerant piping and hot
water heating coil in makeup air
from 87.5 EFF boiler

¢ 9600 cfm exhaust and makeup
air handlers with hot water
heating coil in makeup air from
80% EFF boiler

The average performance of similar buildings is based on the U.S. Department of Energy’s Commercial
Buildings Energy Consumption Survey (CBECS) 2003, which surveyed a sample of 5,215 U.S. commercial
buildings about their design characteristics and measured energy consumption.8 The CBECS micro-data set is
used here to identify the 17 buildings in the sample that are located in the Mid-Atlantic region and where
Public Safety is the principal activity. The weighted average (CBECS uses weights to adjust the sample to

8 Energy Information Administration, U.S. Department of Energy, Commercial Buildings Energy Consumption Survey (CBECS) 2003.
Retrieved on January 4, 2010 from http://www.eia.doe.gov/emeu/cbecs/contents.html.

Phone: 732/932-4101 x520  greenbuilding.rutgers.edu Fax: 732/932-0934

21



reflect the prevalence of similar buildings in the overall population) electricity and natural gas energy
intensities (energy use/square foot-year) provide a basis for comparing the Maplewood Police Department and
Court House to similar buildings in the region. One concern about using CBECS for comparative purposes is
that it contains a sample of existing buildings that may have different amenities and economic value than the
newly-built structure in Maplewood.

To understand better how the building is performing, we look at monthly energy-use data alongside weather
data (heating degree days, cooling degree days)® to help explain the pattern of observed energy use. Annual
energy-intensity comparisons complete the picture.

Results and Discussion

The following pages show figures that summarize the monthly climatic conditions and energy use at the
Maplewood Police Department and Courthouse. Figure 2 shows the pattern of Heating Degree Days (HDD),
which indicates the months that make up Maplewood’s heating season. The years 2008 and 2009 do not
differ dramatically from the long-term average values typically used during design, although there are minor
excursions (January 2009 was cooler than average, for example). Figure 3 shows Cooling Degree Days (CDD),
which define Maplewood’s cooling season. There are some visible differences across years, with 2009 having
a particularly cool summer.

Electricity consumption at the Maplewood Police Department and Courthouse weakly echoes the monthly
pattern of cooling degree days, as shown in Figure 5. A plot of peak electricity demand in Figure 4 also shows
modest seasonality. Seasonality is much more pronounced in natural gas consumption, which closely tracks
heating degree days as can be seen in Figure 6.

The total cost of energy at the Maplewood Police Department and Courthouse has distinct summer and winter
peaks driven by electricity use in the summer and natural gas use in the winter. Figure 7 shows the month-by-
month pattern. Electricity accounts for two thirds of the energy costs on an annual basis.

There are complete years of utility billing data for 2008 and 2009, so that annual comparisons against
benchmarks are possible. Figures 8 and 9 show that 2008 does not have an anomalous number of heating or
cooling degree days, making it a reasonable year for these comparisons. Heating degree days in 2008 are
nearly identical to the design conditions, and cooling degrees in 2008 are within 2% of design conditions.
2009 heating degree days are 3% above average, and the cooling degree days are 18% below average.

Annual energy intensity comparisons show that the Maplewood Police Department and Courthouse is using
about the same amount of electricity as expected during design. Figure 10 shows that 2008 electricity usage is
within 2% of the design prediction and 2009 usage matches the design prediction. The 2008 and 2009
electrical energy (kWh) usage in the building as built are substantially lower (indicating better performance)
than the modeled conventional building. The peak demand for electric power in 2008 is 12% higher than
expected, as shown in Figure 11. This can be attributed to building startup activities such as equipment testing
that took place early in the year, because all other months fall within the predicted range and 2009 is within
one percent of the target.

9 Degree day data are from www.degreedays.net (using temperature data from www.wunderground.com) for Newark International Airport,
NJ, USA. Retrieved on January 30, 2010 from http://www.degreedays.net.
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Figure 12 shows annual natural gas usage for the building in 2008 and 2009, and in the two modeled
scenarios (design case, conventional building case). Here we encounter an unexpected result: actual natural
gas usage appears to be several times higher than predicted. It is even higher than what was predicted for a
conventional building. There are several possible explanations for this apparent high natural gas usage: the
Maplewood Police Department and Courthouse may be experiencing operational challenges during its startup
period; the building may be operating under dramatically different conditions (especially regarding climate or
schedule) than the modeling performed during the design process assumed; the modeling results included in
the LEED submission incorporate unusual or inappropriate assumptions; or some combination of these factors
has affected the results.

To address these questions, we extended our comparisons to include other buildings for which comparable
data is available, normalizing the comparisons on a square foot basis to account for different building sizes.
Figure 13 shows electricity intensities (annual kWh per square foot) and Figure 14 shows natural gas
intensities (annual thousand Btu (kBtu) of natural gas per square foot). The comparisons include the measured
2008 and 2009 values based on utility bills for the building as built, the modeled design case, the modeled
conventional building case, the old police station building in Maplewood, and the average values for 17 public
safety buildings located in the Mid-Atlantic region (based on the 2003 CBECS survey).

Figure 13 confirms that electricity consumption at the Maplewood Police Department and Courthouse in 2008
and 2009 matches the design intent, and that this represents good, energy-efficient performance relative to
the modeled conventional building, the old police station, and it is at the regional average for existing similar
buildings.

Figure 14 shows that while actual 2008 and 2009 natural gas consumption of the new police and court
building is much higher than predicted in design modeling figures and is higher than the per square foot usage
in @ modeled conventional building, it is not out of line when compared to buildings of similar use. On a per
square foot basis, the new police station used 16% less natural gas in 2008 and 39% less in 2009 than the
old Maplewood Police and Court Building. It also used 3% less in 2008 and 29% less in 2009 than the average
of other public safety buildings in the region.

This suggests that part of the anomaly lies in the modeling done for the LEED submittal which may have
included unusual assumptions. Possible candidates include assumed operating hours, climatic conditions, and
HVAC system operational performance. In discussions with members of the design team, it also was noted that
many modeling runs were performed, so it is possible that something was lost in translation between the
preliminary and final runs.

Startup problems could also play a role in increasing natural gas usage above expected amounts. For example,
if the economizer controls are not operating properly (perhaps because items such as carbon dioxide sensors
need calibration or an improved control logic), much more outside air than needed might coming into the
building during the winter, requiring heating.

The firing range also may play a role in the natural gas story. The indoor firing range requires 100% outside air
whenever it operates. It is a very large room and its ventilation system is sized to change the air many times
per hour to maintain air quality by minimizing residue of weapons firing, including gun powder, smoke, and
particulate matter resulting from bullet impact. Thus, assumptions about the number of hours per year it
operates will affect estimates of natural gas usage in both the baseline and as-designed cases. As built, the
firing range incorporates a dedicated heat reclaim system designed to reduce natural gas usage. If the heat

Phone: 732/932-4101 x520  greenbuilding.rutgers.edu Fax: 732/932-0934
23



reclaim system is not operating as intended, or the backup natural gas-fired hot water heating system is not
performing as intended, then the firing range may use more natural gas than expected.

Regardless of modeling and startup issues, the actual natural gas consumption of the Maplewood Police
Department and Courthouse, per square foot, is better than the previous police building, and somewhat better
than other public safety buildings, suggesting reasonably energy-efficient performance, though not up to
expectations, Improvements between 2008 and 2010 suggest that startup issues are being resolved.

A special feature of the Maplewood Police Department and Courthouse is the solar photovoltaic array mounted
on the roof that generates electricity. This 19 kW system produces between one and three thousand kWh per
month (see Figure 15), offsetting between two and seven percent of the building’s monthly electricity
consumption.

Conclusions and Recommendations for Future Research

Overall, it appears that the Maplewood Police Department and Courthouse is performing adequately in terms
of energy efficiency, with room for improvement. It is less electricity and natural gas intensive than existing
public service buildings in the region, including Maplewood’s old police station. Its electricity use meets design
targets. Its natural gas use does not, but that may in part be due mostly to unusual assumptions in the target-
setting calculations or their reporting.

The solar PV system is performing as specified, producing electricity consistently as predicted, even though it
only provides a small percentage of the building’s electricity consumption.

Future research should investigate the actual usage and performance of unusual features such as the indoor
firing range, and assess the extent to which startup challenges have affected the energy performance of this
building. It appears that most problems have been with localized occupant discomfort rather than poor energy
efficiency, but it may be that getting better control of the HVAC will lead to both better comfort and even better
energy efficiency.
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Figure 3: Cooling Degree Days
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Monthly Natural Gas Use (Therms)
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Figure 7: Monthly Energy Costs
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Figure 8: Annual Heating Degree Days Comparison
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Figure 9: Annual Cooling Days Comparison
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Figure 10: Annual Electricity Use Comparison
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Figure 11: Peak Electricity Demand Comparison
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Figure 13: Electricity Intensity Comparison
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Life Cycle Performance - Life Cycle Cost (LCC) Analysis

Introduction

To better understand the cost-effectiveness of the new Maplewood Police Station’s green features, we
performed a Life Cycle Cost (LCC) analysis for the energy-related characteristics and equipment. LCC analysis
considers the total costs associated with a building from its construction to its demolition. This “cradle-to-
grave” perspective incorporates not only initial costs but also the operating costs over the building’s lifetime,
yielding a more complete picture of total costs. LCC analysis is especially useful in the context of green building
because energy-efficient features characteristically have higher up-front costs but recover some or all of those
costs through lower utility bills. The LCC therefore helps to quantify the initial cost - operating cost tradeoff and
any associated net benefits.

Methodology

An LCC analysis is usually comparative, contrasting the as-built, green building with a conventional building or
“budget” case. For each scenario, we collected utility consumption data and the capital costs for building
features relating to energy consumption (electrical, HVAC, exterior walls, glazing, roof). For the Maplewood
Police Station, utility data and capital cost data were acquired from the township government and the
architect, respectively. The costs for the budget case building are modeled using RSMeans CostWorks Online
as well as industry-standard building costs, and have been reviewed by engineers and building consultants.
Utility consumption estimates for the budget case building come from the energy modeling performed for the
LEED submission.

The heart of an LCC is a financial calculation known as a Net Present Value (NPV) analysis. Net present value
refers to the discounted difference between (net) the total costs and benefits from each time period of the
building’s lifetime, brought back to the present and aggregated into a single number. Lower operational costs
over a building’s lifetime can help mitigate any higher up-front costs associated with energy-efficient green
buildings. A positive NPV relative to the budget case represents a net savings by the energy-efficient building
over its lifetime.

Once initial costs and energy consumption costs were obtained for the as-built and budget building designs,
they were tabulated in an LCC spreadsheet adapted from one developed by the Rutgers Center for Green
Building for prior projects. The budget case building was used as the “base” model for comparison purposes.
All analyses are reported on a per-square-foot basis.

Finally, we performed several sensitivity analyses. A sensitivity analysis examines the effect that different
factors have on the relative NPVs of the represented projects. In this LCC analysis, there are three factors for
which we ascribe variable values: future energy costs, the discount rate, and building lifespan. Future energy
costs were set to 75% and 150% of their projections from the DOE Annual Energy Outlook 2009.10 We use
three different values for the discount rate. The primary NPV analysis uses a 7% discount rate - arguably pretty
generous in today’s economic climate, while the low discount rate of 4% represents the low point of the 30-
year average mortgage rate with points from Freddie Mac during the recent recession. A more aggressive
discount rate of 12% was also employed. Building lifespan for the primary NPV analysis is assumed to be 30
years, and 15-year and 50-year lifespans are considered in the sensitivity analyses.

10 DOE Energy Outlook Handbook 2009, Tables A8 and A13, pp. 127 and 136.
I
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Results and Discussion

Table 2 and Figures 16-21 summarize the key findings of the LCC analysis. The initial cost of the green, as-built
building is higher than the conventional, budget-case building. However, its operating costs are substantially
lower. On a life-cycle basis, the lower operating costs fully offset the higher construction costs, yielding a small,
positive net benefit of $0.42 per square foot.

Building Initial Cost Initial Cost Discounted | Discounted | NetPresent | NPV
(Selected per SF Operating Operating Value (NPV) | Relative to
Features) Relative to Cost per SF | Cost per SF | per SF Budget
per Square Budget Relative to Case
Foot (SF) Case Budget
Case
As Built -$7.48 -$7.48 -$33.85 $7.90 -$41.32 $0.42
Budget $0.00 -$41.74 -$41.74
Case

Table 2: Net Present Value (NPV) Analysis

Figure 16 shows that the electricity usage of the as-built building is 15% lower than that estimated for the
conventional, budget alternative. Figure 17 shows that natural gas usage goes the other direction, with the as-
built building consuming 37% more natural gas than its conventional alternative. However, as noted in an
earlier section of this report, the natural gas modeling numbers are suspect, and, in any case, the electricity
costs are far larger than the natural gas costs on an annual basis.

Based on the primary NPV analysis (using current energy prices, a building lifespan of thirty years, and a
discount rate of 7%) the as-built Police Station has a small positive NPV relative to the budget case. Figure 17
shows how the NPV varies with changes in project scope. If Solar Renewable Energy Certificates (SRECs) were
not being awarded for the clean, solar energy production of the photovoltaic array, the NPV of the as-built
building would turn negative, costing $3.72 per square foot more than the budget case. If the photovoltaic
array had not been built at all, the NPV of the as-building would remain negative, costing $2.41 per square foot
more than the budget case. However, given the uncertainty about the actual natural gas costs associated with
the modeled budget case, it might be better to take natural gas consumption out of the calculation altogether.
In that case, the NPV of the as-built building becomes positive, costing $2.32 per square foot less than the
budget case.

The NPV of the as-built building relative to the budget case building is sensitive to assumptions regarding
future energy prices, discount rates, and building lifetimes. Energy escalation rate (Figure 19) does not change
the direction of the relative NPV of the as-built building, and in every case the as-built building performs better
than the budget case, increasingly so at higher energy prices. This makes sense, because the more energy a
building consumes, the more it will be affected by changes in energy prices.

Changes in the discount rate (Figure 20) changed the direction of the relative NPVs of the buildings in one out
of three sensitivity cases. The as-built building remained more attractive than the budget case under low and
normal discount rates, but not at the higher discount rate.
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Projected lifespan of the buildings (Figure 21) also had a significant impact on the relative NPVs. Here, the
relative NPV of the as-built building was worse than that for the budget case for a 15-year lifespan and better
for 30-year and 50-year lifespans. This emphasizes the importance of ensuring that the building lasts long
enough to pay off its increased construction cost.

Conclusions

This life cycle cost analysis shows that, when compared to the budget case modeled building, the reduced
energy consumption of the as-built Maplewood Police Station results in a small, positive relative NPV; that is,
the as-built building has relatively lower life-cycle costs than the budget alternative. This small advantage is
robust across a range of plausible assumptions about future energy prices, but not across a reasonable range
of discount rates and building lifetimes. The net benefits of the green design are thus marginal in life-cycle cost
terms. These numbers are likely to improve if the natural gas usage of the building drops and the building
enjoys a long useful life. New Jersey’s SRECs policy is clearly a crucial factor in making the Maplewood Police
Station’s green design cost-effective.
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Figure 17: Annual End-Use Natural Gas Consumption (MCF per square foot)
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Figure 18: Net Present Value per Square Foot Relative to the Budget Case
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Figure 19: Sensitivity to Energy Prices of NPV/SF of Actual Building Relative to Budget Case
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Figure 20: Sensitivity to Discount Rates of NPV/SF of Actual Building Relative to Budget Case
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Figure 21: Sensitivity to Building Lifetimes of Actual Building Relative to Budget Case
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Occupancy Satisfaction & Performance — Occupant Survey

Introduction

Occupancy data is an integral component of developing an explanation of building performance. Surveys of
building occupants can help to confirm and clarify findings in the areas of energy and water usage and
occupant satisfaction.

Methodology

Information on occupant responses to this building come from a walk-through tour of the facility, individual and
group interviews with key personnel including architect, facilities staff, police and court administrators, and
patrol officers, and from a self administered questionnaire distributed to all building personnel. Completed
surveys were received from 25 persons representing both the police department and court personnel. This
sample represents a cross-section of court and police staff, administrative, clerical and patrol officers, across
all shifts, males and females, predominantly between 30 and 50 years of age, most of whom have been on the
job for 4 years or more (see Figures 22 through 25). That said, it is important to note that is a small self-
selected sample and therefore must be viewed as suggestive only; the results are most valuable when viewed
in context of other observations.
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Figure 22: Years in Organization
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Results and Discussion

Based on individual and group interviews, supported by surveys, buildings occupants seem pleased with this
facility, although with some concerns about specific systems (see figure 26). They generally are happy to be in
a bright, attractive, and spacious new facility. This appears to be in large part because of the quality of the new
facility, but the positive feelings are also attributable in significant measure to the contrast with the previous
police and court building, which was widely perceived as dated and too small for the number of people and
functions. This building is considered a huge improvement over working in the old facility on all counts.

In addition to the quality, appearance, and amount of space in the new building, occupants were particularly
pleased with the availability of the exercise/weight room, locker room with showers, and shooting range. Many
were appreciative of the appearance, with particular emphasis on natural lighting and views. Most visitors were
reported to see the building as very attractive; a court employee told us that even people coming in for less-
than-pleasant reasons (such as to appear in court or pay a fine) often comment on how nice a facility it is. One
employee said that “it is a privilege to work here.”

Occupants have a mixed perspective on the daylighting. On the one hand, as noted above, people like the
availability of daylight, and we noticed that during daytime hours exterior room electric lights were left off,
suggesting that the daylight provided sufficient illumination for work. Aesthetically speaking, it is a highly
valued feature that seems to affect occupant mood positively. On the other hand, the satisfaction scores for
work area daylighting are not uniformly high. This could be for several reasons. First, in spite of the use of light
shelves and shades, glare has been a problem in some areas. Workers in a detective’s room on the east side
of the building, for instance, had so much difficulty viewing computer screens that a solar film to was added to
the highest area of the clerestory windows to reduce glare. During one morning interview in the first floor east
conference room, a laptop screen was very difficult to read even with the blinds drawn.

When broken down by job it becomes clear that ratings from patrol officers are more negative on this and other
workspace issues (see Figures 28-33). This relates to the nature of their workspace: an interior space with little
privacy or windows and views. The other staff members in this building who had more private office space with
exterior windows were much more pleased and satisfied with most building features than were those with open
office space.

The choice of workspace assighment makes sense in that most patrol officers are in the building for only a
small part of the day (for shift change meetings, court appearances, etc.), while other staff members are in the
building for most or all of their work day. On the other hand, patrol officers make up the largest single group of
staff in this building, so their concerns are magnified and deserving of attention.

The most common complaint we heard was concerning the functioning of the HVAC systems. The operation of
these systems has been problematic since opening, and remains an issue two years after opening. Patience
with attempts to fix heating and cooling systems is wearing thin. From the perspective of the building’s users,
the problems are:

Poor temperature control (“it’s often too hot or too cold”);

Variability in rooms on the same thermostat (with the thermostat set at 69°F one room can indeed be at 69°F
while another room a short distance away, on the same thermostat, is 80°F);
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Difficulty making adjustments in order to increase thermal comfort. New thermostats are perceived to be
irresponsive and windows do not open. The only recourse is to contact the building manager. Building
managers are constantly trying to address HVAC issues. A previous building manager “made adjustments
daily,” said one administrator, but with cuts in staff there is not a full-time person in that position. The current
staff member in charge has many other buildings to supervise, has less time to focus on HVAC issues in this
facility, and less experience with these control systems.

Still, some of the attempted fixes, such as modifying the control programs for the heating systems, seem to
have had a positive effect. Several people indicated that the heating was less problematic in Winter 2009-10
than in the previous winter. Cooling remains a problem, however, with common staff complaints that rooms are
too cold or not cold enough.

The HVAC system is sufficiently complex as to require significant training time and oversight, something that is
hard to provide in this budgetary environment. For instance, in January a new “program patch” was installed
for the HVAC software which resulted in over 75,000 alert messages being sent to the facilities staff in a few
days. In such situations, of course, alert messages lose their value.

Occupant concern with the level of adjustability of thermal comfort seems related both to perception of lack of
responsiveness of thermostats and the inability to open windows. The absence of operable windows makes
everyone more sensitive to temperature and ventilation issues. It was noted that one of the major discussions
and points of contention during the programming process prior to design was over the presence or absence of
operable windows - user representatives wanted windows they could open, but eventually engineering
concerns for HVAC efficiency won out.

Staff and administrators we interviewed indicated that the building appeared to be designed as if every space
was in use 24/7 since unused spaces remain heated and cooled in off-hours. Though this is not the case (both
heating and cooling were designed to be fully adjustable in every zone and intended every zone should be able
to be conditioned or not, as needed) the fact that this perception persists is a response to current difficulties in
adjusting and maintaining temperature. Although heating has improved, temperature comfort remains a big
issue in the eyes of the occupants and some of the building occupants say that it negatively affects their
productivity. Administrative personnel indicate that they adjust clothing as a way to deal with temperature
variation and individual preferences; patrol officers, who are only in the building for limited hours a day, are
less likely to do so. Some staff also noted that the shooting range was heated but not cooled, making its use in
summer uncomfortable.

There were a few other less critical but commonly cited concerns. A number of respondents noted that the
water-saving power flush 1.2 gallon toilets consistently need to be flushed two times or more, negating
intended potable water savings. Another common complaint was that the water pressure in sinks is too high
and aerators on faucets insufficient, causing water to splash on clothes when washing hands. There also has
been some water damage in ceiling tiles that appears to have been caused by condensation drips from water

pipes.

Occupants, in general, rate this building as “somewhat environmentally friendly” (see Figure 33). The fact that
these ratings are not higher, given the attention to and frequent discussion of green design of this building in
Maplewood, likely is due to the aforementioned issues related to heating, cooling, and water use.
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Figure 26: Level of Satisfaction With Building
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Figure 27: Level of Satisfaction With Building By Job
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Key Findings

Building Operating Performance

The building generally works well and is well received. Passive systems, such as the use of daylighting to
reduce the level of use of electric lighting functions well, although there have been issues with glare on
computer screens that have resulted in building adjustments. Daylighting is one of this building’s most
noticeable feature and the one receiving the most positive comments.

However, active systems, however, for heating and cooling, have not been operating at optimal levels even
after several years of operation, an extended shakedown period and numerous attempts at balancing. These
seem to relate to rapid cycling on and off of the boiler and chiller systems. Although some of the boiler issues
have been addressed, chiller issues are not yet resolved. The cooling load does not seem to be spread evenly
among the four subunits and cycling is still an issue.

Green and security requirements do not seem to be in conflict in this building although the potential for
differing design needs exists. The design of this facility has in some ways minimized potential conflict, although
more focused attention on these issues could lead to greater synergies for future buildings.

Energy Use

In spite of the problems in fine tuning HVAC systems, energy use seems reasonable as compared to other
similar buildings in available databases. Energy savings have not reached the projected levels, however,
especially for natural gas usage, which could be related to the modeled projections that were included in the
LEED submittal, actual system problems, unused 3rd floor space, additional power-using and heat-generating
equipment, and operational choices. Additional savings may be possible when the remaining HVAC issues are
addressed. The photovoltaic system is working well and performing in line with design projections.

Water Use

Water use appears to be in the low normal range for a building of this type. Complaints suggest excessive
double and triple flushing which would reduce any advantage of 1.2 g toilets.

High water pressure and splash in sinks related to user dissatisfaction and may indicate waste of water.

Life Cycle Costing (LCC) Analysis

The Life Cycle Cost analysis shows that the as-built building is slightly less expensive on a life-cycle basis than
the conventional, budget alternative. However, the net economic benefits for the green features in the design
are marginal, at best, although this conclusion varies greatly depending on assumptions about future energy
prices, discount rates, and building lifetimes. SRECs are a crucial element in any positive economic
performance of the building at this point.

Occupants and visitors are generally pleased with the building though patrol officers, who are usually out of the
building, are less happy with their workspace. The facility is seen as modern and attractive and many are
especially impressed with the level of daylighting. Their primary complaints are concerning thermal comfort for
heating and cooling, and sunlight glare on computers. Respondents indicated feeling little ability to control
temperature levels because of what they saw as unresponsive thermostats and lack of operable windows.
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CONCLUSIONS AND NEXT STEPS

Overall functioning. This is a largely successful building though one that has not yet reached its full potential
for energy savings because of recurring HVAC issues. There do not appear to be inherent problems in using
public safety buildings as green building sites. Since public safety buildings are 24 hour settings with
significant power consumption, such buildings may, in fact, be especially appropriate for green design. The
building’s users appreciate the new facility particularly in comparison to the previous site that was too small
and out-of-date for current technology and operational needs. It is seen as spacious, bright, attractive and as
providing areas that support needed functions that were previously inadequately handled such as training
rooms, a shooting range, exercise space and room for community meetings. Concerns about heating and
cooling continue.

Daylighting issues. Designing for daylighting is important and requires care. Ample daylight is highly valued for
light and view, reduces use of electric lighting and is easily noticeable as a green feature, but increased use of
windows for daylight increases the potential for glare that interferes with computer work. In Maplewood one
can see adjustments made on site (in use of shades, anti-glare film added to windows) to address these
concerns. Design making use of daylighting needs to better coordinate with furniture choices and layout to
reduce glare issues.

Match of sophistication and care needed in maintenance and control of systems to skills available. Any
building with sophisticated systems requires time - perhaps four full seasons - for the HVAC systems to be
adjusted and balanced. The use of sophisticated and complex systems, however, in buildings without full time,
specialized building managers has the potential for significant short and long term problems. One lesson that
has emerged from this evaluation involves the need to be aware of and take into account the likely budget and
staffing available to manage sophisticated active systems in green buildings. While the length of time needed
to tune the HVAC is this building is unusually long and makes this an atypical situation, there remain ongoing
issues in building management. Problems understanding and maintaining sophisticated HVAC systems appear
even in green buildings in corporate settings which have greater resources in facilities management staff time
and experience. Currently, Maplewood does not have a budget for dedicated facilities staff and the
maintenance is undertaken by staff from the Department of Public Works which has many other
responsibilities, and which took over responsibility for this building needing training in these systems.

Energy Modeling. The energy modeling figures that were part of the LEED submittal appear to be flawed and
may reflect on-going issues concerning the modeling. These calculations appear to be of uneven quality and
unreliable as predictors of energy use. There is a need for work to validate these modeling assumptions to real
life performance, and to improve training for modelers (such as through ASHRAE certification).

Cost Effectiveness. The building is not performing badly in terms of energy use, and costs are not out of line
with what would be expected for a 24 hour public safety building. Performance may be surprisingly good given
adjustment issues but even so savings are not as strong as had been projected, particularly for natural gas
systems. One would expect energy and cost performance to be better when the HVAC is operating as designed
and may well hit the original energy use projection, but even so a several year delay in achieving savings clearly
affects LCC calculations.
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Appendices

Appendix A - LEED Credits
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Appendix B - Landscaping Plantings List

SYM. |Quan. l BOTAMICAL MAME COMMON HAME PLANTING SIZE REMARKS
TREES
AC | 1 Amelanchler canodensis | Shadblow Serviceberry | 6-8 hE | 3t
AR | S5 |Acer rubrum ‘Armstrong| Armstrong Red Maple | B -10 At | »s
0 2 [lex opaco Americon Holly 5 -6 Nt | B
Gr | 4 Gleditsa triacenthos Hormeylocust 8°-10° ht.| mB
PM 8 Prunus maritina Beach Plum 6'-8' ht | ms
SHRUBS/GROUNDCOVERS
BT | 57 |Perbecis Winbergl Vilbn Penv | \jilliam Penn Borberry | 9 gel
CA | 5 | Clethra ainfolia ‘Hurringhird’ Sumnersweet J gal
JH | 83 Juniperus horizentalis Horlzontal Juniper 2 gal
MP 50 Myrica pennsylvanica Bayberry 3 gal.
Y 48 Yucen filamentosa Tucca Jgal
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