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State of South Dakota

Energy Master Plan

Executive Summary

In 2009, the South Dakota Legislature mandated the Bureau of Administration to prepare and submit a

report to the Legislature regarding the energy efficiency of State agencies no later than December 1, 2009.

This report:
1. Quantifies current energy consumption by State agencies;
2. Identifies energy conservation measures that could be taken by State agencies to achieve a

reduction in energy consumption by a date certain; and

3. Estimates the costs associated with the energy conservation measures.

Energy usage data was collected from January 1, 2005 through December 31, 2008 was collected to
analyze the most recent four years of utility data. The table below (Table ES-1) summarizes the energy

data available by agency for each calendar year.

Table ES-1
Summary of Energy Data for 2008
Total Building
Agency Square Footage Use (MMBTUSs) Cost
Bureau of Administration (BOA) 789,932 101,637 $981,911
Board of Regents (BOR) 7,632,555 1,255,598 $11,332,390
Department of Human Services (DHS) 1,117,214 240,984 $2,188,040
Department of Agriculture (DOA) 832,742 12,257 $141,374
Department of Corrections (DOC) 1,657,624 245,293 $2,547,677
Department of Transportation (DOT) 836,559 83,491 $1,268,552
Game, Fish and Parks (GFP) 298101 25,118 $550,029
Leased Facilities (LSA) 775,194 67,670 $754,729
Military and Veterans Administration (MVA) 163,141 133,874 $702,210

14,103,062

2,165,922

| $20,076,376

The figure below (Figure ES-2) shows the relative energy consumption by agency for the most complete

year of data, calendar year 2008.

State of South Dakota
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Figure ES-2

Energy Use by Agency in 2008
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This study identifies a total of 1,168 Energy Conservation Measures (ECMs) for approximately two-
thirds of the State’s facilities’ total square footage that if implemented could reduce annual energy use by
332,952 MMBTUs annually, representing a 15.3% reduction in Statewide energy use. Implementing all
of these measures would cost an estimated $38,617,093. Annual cost savings from reduced energy use
would amount to $3,558,450, in today’s dollars. While implementing all of these measures is impractical,
the aggregate savings shows that there are significant opportunities to reduce energy use at State facilities.

In the following scenarios, ECMs are identified to achieve energy use reductions in 5% increments up to a
20% energy use reduction. The corresponding incremental implementation costs are summarized with the
estimated annual energy cost savings.

Table ES-3
% Energy Use Reduction | Reduction in MMBTUs
5% 108,296
10% 216,592
15% 324,888
20% 433,184

ARRA Projects under Contract

There are several projects currently underway which include ECMs at the Capitol Complex and the
Public Safety Building. These “shovel-ready” projects include 15 ECMs. These ECMs include Central
Boiler Plant conversion, chiller replacements at Becker-Hanson and Kneip buildings, Capitol building
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lighting upgrades, Public Safety building boiler replacement, and retrocommissioning at multiple
buildings on the Capitol Complex campus.

5% Energy Reduction

To achieve a Statewide 5% energy reduction, additional projects would need to be completed in addition
to the ARRA projects currently under contract. If implemented based on greatest energy reduction per
dollar invested, a total of 235 ECMs would need to be implemented at a cost of $3,869,108. Annual
savings would amount to $1,020,432, yielding a payback of 3.8 years.

If each ECM is implemented based on shortest payback, a total of 292 ECMs would need to be
implemented at a cost of $2,873,889. Annual savings would amount to $1,025,708, yielding a payback of
2.8 years.

10% Enerqgy Reduction

If implemented based on greatest energy reduction per dollar invested, a total of 546 ECMs would need to
be implemented at a cost of $9,567,513. Annual savings would amount to $2,062,112, yielding a payback
of 4.6 years.

If each ECM is implemented based on shortest payback, a total of 669 ECMs would need to be
implemented at a cost of $8,813,256. Annual savings would amount to $2,124,233, yielding a payback of
4.1 years.

15% Energy Reduction

Implementing all ECMs documented in this study will yield a 15.3% reduction in Statewide energy use.
This would include implementing 1,168 ECMs at an estimated cost of $38,617,093. Annual cost savings
from reduced energy use would amount to $3,558,450, in today’s dollars, yielding a payback of 10.9
years. While implementing all of these measures is impractical, the aggregate savings shows significant
opportunities to reduce energy use at State facilities.

20% Energy Reduction

Throughout the energy auditing process, approximately two thirds of the State’s square footage was
audited. These facilities were targeted for auditing based on savings potential, schedule, logistics and
cost. An effort was also made to audit a representative sample of State agencies and building types. One-
third of the State’s facilities’ square footage does not have potential project costs and savings included in
this study. Based on a simple square footage extrapolation of results found in the two-thirds that was
audited, it is reasonable to assume that an additional study of the final one-third of State facilities would
produce potential energy conservation measures to reduce energy consumption by an additional 7% with
similar project economics to this study. Implementation may be estimated at a cost of $12,000,000 with a
potential savings of $1,125,000 per year. This would yield a total of 22% reduction in energy
consumption Statewide.
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Other recommendations include:

o Deploy an advanced metering and monitoring program at State-owned facilities

o Allocate additional resources to energy management to:

(0]

Record all energy use and energy costs from State facilities (including leased facilities) into a
single database, whether that database tool remains EnergyCAP or is selected from other
energy management software;

Pursue LEED certification for existing buildings using the LEED-EB: Operations and
Maintenance rating system;

Complete the US EPA’s ENERGY STAR Portfolio Manager for all significant State
buildings, using the built-in tool in the State’s energy management software;

Use the energy management software as a management tool, not just a database;

Coordinate energy management at a State level, with formal or informal methods of
communication among energy managers at State campuses and agencies to share best
practices and lessons learned; and

Take an active role in keeping up with the cost and viability of new technologies that could
potentially reduce energy consumption at State facilities.

An Energy Conservation and Awareness program will also help to shift the culture towards more efficient
energy use. This program may include:

e Regional guidelines for:

(0]

(0]

(0]

(0]

Temperature setpoints;
Personal appliances (i.e., refrigerators, space heaters);
Behavioral expectations (i.e., turning lights off, dress appropriately for the weather)

Occupant comfort and maintenance (i.e., how to inform maintenance staff if uncomfortable)

e Create competition and recognition programs to recognize State employees that are assisting the
State to move towards increased energy efficiency

e When procuring new leased space, seek facilities that meet the same standards as those required
for new State construction (i.e., minimum LEED Silver certified). These preferences should also
be considered in approving extensions of current leases.

o Develop a LEED implementation guide to require all State projects achieve a higher number of
energy performance, measurement and verification and enhanced commissioning credits.
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1.0 Process Summary

In response to passage of Senate Bill 202, the State of South Dakota requested consulting services from
Sebesta Blomberg & Associates, Inc. (Sebesta Blomberg) to assist in creating an Energy Master Plan.
Sebesta Blomberg provided a strategic process to address these goals that included quantification of State
energy consumption and on-site assessment of facilities within the State of South Dakota’s campus
portfolio. Sebesta Blomberg executed a process to address varying facility types through data collection
and investigation tactics and provided a preliminary evaluation of high potential energy efficiency
measures and associated economics.

Key steps included targeting facilities based on energy conservation potential. Specific objectives include:

1. Definition of facility types and receipt and analysis of energy consumption data;
2 Identification of key facilities with high potential for energy efficiency;

3. Prioritization of facilities by high annual energy spent and intensity; and

4 Definition of an investigation strategy for campus and facility type.

In collaboration with the State of South Dakota’s energy management team, Sebesta Blomberg assessed
facility and consumption data for each campus location for the purpose of quantifying the current energy
consumption levels of State agencies. The data acquisition was completed via remote access to the State
of South Dakota’s network server to the EnergyCAP database tool. Sebesta Blomberg utilized the existing
utility and cost data to review and analyze energy consumption for quantification of a 2005 energy
baseline. Metrics of energy performance comparisons were completed by benchmarking existing data for
the purpose of facility targeting for site investigations. Quantification of energy usage and costs were
completed to establish energy profiles for each State agency and associated campus location, including
leased buildings.

The goal of the investigation phase was the assessment of targeted facilities at each campus location to
identify energy conservation opportunities. Sebesta Blomberg conducted an investigation of targeted
buildings that included facility and systems data gathering, staff interviews and campus location site visits
to identify and quantify energy efficiency opportunities for both operational and infrastructure
improvements. Facility campuses were investigated to identify high impact energy saving opportunities.
Investigation tactics were developed to identify campus-wide and facility-specific measures.

An assessment of campus systems and operations was completed and specific energy conservation
strategies were defined and documented for selected target buildings. Through the site investigation and
representative sampling of buildings, energy conservation strategies and savings potential were
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extrapolated for each campus. The investigation included interviews with operating staff and focused on
key demand-side energy opportunities that were economically attractive and operationally feasible.

This investigative process included planning, data gathering and review, on-site surveys and analysis and
documentation of energy efficiency strategies and associated economics. Planning and data gathering
focused on the following objectives:

e Gain understanding of the campus facility, systems and operations through interviews with site

facility personnel;
o Review of available utility billing or metered utility consumption data;

o Review of available trend logs of heating, ventilating and air-conditioning (HVAC) systems
parameters, such as air flow rates, equipment schedules, supply air temperature, static pressure,
mixed air temperature, variable speed drive operation, chiller performance data, heating load data,
and cooling load data; available controls sequence of operation were also reviewed; and

e Review and documentation of occupancy schedules, temperature set-points, and operating
schedules of energy using equipment.

Campus site investigations were performed by teams of engineers and scheduled by location and number
of days on location. Targeted assessments were completed on buildings identified through the energy
performance metrics and facility prioritization. Sebesta Blomberg focused on areas with the greatest
potential for savings, including:

e Lighting technology retrofits;

e Lighting controls;

e HVAC controls;

e HVAC operating strategies;

o Replacement of existing equipment with higher efficiency equipment;

e Water efficiency technology and controls;

¢ Insulation improvements to building envelope or piping and duct systems; and

e Building envelope improvements.
Each facility was unique and opportunities and magnitude of savings varied. Assessments consisted of

evaluating equipment and energy, using standard engineering methodologies to model baseline operation
of equipment observed in the field for comparison to actual use.

Sebesta Blomberg analyzed major energy users and key energy conservation opportunities to prepare a
report outlining the scope and economics of each measure. For each such measure, Sebesta Blomberg
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provided a brief description; an estimate of the probable implementation costs, a summary of any
significant effects it may have on operations; and a preliminary estimate of the associated energy and
energy cost savings. Relative priorities for the energy conservation opportunities were identified along
with a recommended sequence of completion. Sebesta Blomberg also reviewed the potential for
renewable energy technologies including wind and solar photovoltaic (PV) opportunities. This
assessment reflected the relative availability of wind and solar resource at State campuses.

The final phase of the project focused on documenting the findings into an Energy Master Plan for the
State of South Dakota. Using the information collected from the site visits, Statewide technical and
financial impacts for energy savings were developed for review by the State which summarized all energy
conservation measures identified in the study. Final Campus Overview reports included estimated cost,
energy savings and simple payback calculations for identified energy conservation measures and
categorized into campus-wide and facility-specific opportunities.

Sebesta Blomberg has provided recommendations for an implementation approach based on prioritization
of opportunities considering feasibility, resource and funding options defined by the State. An Executive
Summary of the Energy Master Plan has also been developed for presentation to the Legislature. A
project representative from Sebesta Blomberg has also been made available to present this information in
conjunction with the State’s representative.

The numbers included in the economic analysis tables used to draw conclusions about the cost
effectiveness of implementation of individual measures are based on an ASHRAE Level 1 analysis. The
intent is to separate the no/low cost measures with a high rate of return from the capital intensive
measures in order to prioritize implementation. Calculations include assumptions of run times based on
the walkthrough engineer’s understanding of the building at the time of the study. They are based on a
‘snapshot’ of the operating parameters determined from historical energy use, original design drawings,
building operator interviews, equipment inventories, spot measurements of temperature, humidity, CO2
levels, light levels, etc. Calculation methods range from manual spreadsheet weather bin calculations
based on 30 year moving averages, to hour-by-hour building simulation software. It is recommended that
capital intensive measures are studied in a more in-depth manner to ensure the accuracy of the analysis.
The economics are based on current construction and utility cost data and do not attempt to predict future
price fluctuation. The numbers presented are from the direct calculations of cost and savings that have not
been rounded to significant figures. This should not give the impression that the calculations are accurate
to the smallest digit of presentation. They are included to give a more accurate presentation of cost
effectiveness due to the potential of error propagation inherent with rounding.
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2.0 Current Energy Situation

This section of the report provides a “snapshot” of current energy-related practices and recent energy
usage at State facilities. This section specifically responds to Goal #1 for this study, “Quantify current
energy consumption levels of State agencies,” and briefly reviews other practices such as supply side
management and distributed energy generation technologies to provide a high level overview of State
energy practices. Recent studies commissioned by the Office of the State Engineer (OSE) and campus-
commissioned studies were reviewed and incorporated into this section.

This section establishes baseline energy use, based on historical data and current operations. This baseline
will be used to evaluate the potential for energy efficiency improvements by implementing energy
conservation measures, summarized in Section 3 and detailed in Section 4.

2.1 Historical Energy Consumption

Past energy usage provides quantifiable data to describe the State of South Dakota’s current energy
situation. Energy usage was collected from 2005 through 2008 to analyze the most recent four years
of utility data. The State uses EnergyCAP, a database software program to record and analyze energy
consumption and billing data. Most State agencies have input energy data into this database, though
some have not, including leased facilities, National Guard facilities, State Fair buildings, State
Training School buildings and all Game Fish and Parks facilities. However, since this database
provided the most complete source of historical energy data for the State, this database provided the
basis for developing the State’s baseline energy use. Where energy data could be identified as missing
from the EnergyCAP database, utility data was collected with assistance from the respective agencies
and compiled into a master spreadsheet. This provides the most complete record of historical State
energy consumption.

Figure 2.1-1

Energy Use by Agency in 2008
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Table 2.1-2
Energy Use in MMBTUs “°*¢*
Agency 2005 2006 2007 2008
Bureau of Administration (BOA) 81,038 105,497 105,341 101,637
Board of Regents (BOR) 1,143,347 1,648,553 1,950,462 1,255,598
Department of Human Services (DHS) 237,340 275,713 239,999 240,984
Department of Agriculture (DOA) "°*¢? not available not available not available 12,257
Department of Corrections (DOC) 174,501 225,810 269,518 245,293
Department of Transportation (DOT) not available 40,997 78,861 83,491
Game, Fish and Parks (GFP)"°*¢? not available not available not available 25,118
Leased Facilities (LSA) "¢ ? 60,808 52,304 55,035 67,670
Z"V'I'\'/t/i‘; ,and Veterans Administration not available 145,143 116,041 133,874

TOTAL 1,697,034 2,494,017 2,815,257 2,165,922

Note 1: Annual consumption was summarized from the EnergyCAP database, unless otherwise noted. Energy use
is accounted for when purchased. As more energy data is added to the EnergyCAP database, it appears that
energy usage has risen sharply from 2005 through 2008, when in fact these meters existed in 2005 but the
corresponding energy consumption was not being recorded in EnergyCAP.

Note 2: No energy data was available in EnergyCAP, energy data listed was obtained directly from the agencies.
Some leased facilities have utilities included in the lease. For these facilities, limited energy consumption cost data
was available. To account for this, the energy use for all leased space was extrapolated from the energy data
provided by OSE.

Note 3: Limited energy data was available in EnergyCAP for Military and Veterans Affairs. The Veterans Home was
the only location with energy data in EnergyCAP. For other locations, energy data listed was obtained directly from
the agency.

Figure 2.1-3

Energy Expenditures
by Agency in 2008
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provided by OSE.

from the agency.

TOTAL |

$12,873,600 | |

$16,155,511 | |

Note 1: Annual expenditures were summarized from the EnergyCAP database, unless otherwise noted. Energy
use is accounted for when purchased. As more energy data is added to the EnergyCAP database, it appears that
energy expenditures have risen sharply from 2005 through 2008, when in fact these meters existed in 2005 but the
corresponding energy consumption was not being recorded in EnergyCAP.

Note 2: No energy data was available in EnergyCAP, energy data listed was obtained directly from the agency.
Some leased facilities have utilities included in the lease. For these facilities, limited energy consumption cost data
was available. To account for this, the energy use for all leased space was extrapolated from the energy data

$17,842,229 | |

Note 3: Limited energy data was available in EnergyCAP for Military and Veterans Affairs. The Veterans Home
was the only location with energy data in EnergyCAP. For other locations, energy data listed was obtained directly

Table 2.1-4
Energy Expenditures " *
Agency 2005 2006 2007 2008
Bureau of Administration (BOA) $728,182 $942,057 $983,141 $981,911
Board of Regents (BOR) $8,578,370 $10,251,375 $10,454,341 $11,332,390
Department of Human Services (DHS) $1,801,789 $1,831,696 $2,021,167 $2,188,040
Department of Agriculture (DOA) "' ? not available not available not available $141,374
Department of Corrections (DOC) $1,572,022 $2,197,358 $2,907,073 $2,547,677
Department of Transportation (DOT) not available $522,195 $1,130,419 $1,268,552
Game, Fish and Parks (GFP) "¢ ? not available not available not available $550,029
Leased Facilities (LSA) V2 $469,059 $507,137 $580,667 $754,729
?ﬁﬂ'“vtj‘\gme”é’ Veterans Administration not available $410,829 $346,087 $702,210

$20,076,376

Building energy use highly depends on the total square footage of facilities operated by the State.
Since this varies from year to year, energy use will also vary. Based on Bureau of Administration
records for building replacement values, total building square footage totalled 14,103,062 square feet

in 2008.

Figure 2.1-5
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Table 2.1-6
Agency Square Footage in 2008
Total Building
Agency Square Footage

Bureau of Administration (BOA) 789,932
Board of Regents (BOR) 7,632,555
Department of Human Services (DHS) 1,117,214
Department of Agriculture (DOA) 832,742
Department of Corrections (DOC) 1,657,624
Department of Transportation (DOT) 836,559
Game, Fish and Parks (GFP) 298101
Leased Facilities (LSA) 775,194
Military and Veterans Administration (MVA) 327,161
TOTAL 14,267,082

Energy Use Intensity (EUI) helps to account for the difference in the amount of building square
footage operated by each agency. EUI is a common metric used to compare energy use across
building types. EUI is defined as the ratio of total annual energy use in BTUs to total building square
feet (kBTU/SF annually). For South Dakota, the Statewide EUI is 150 kBTU per square foot.* For
comparison, the average State-owned building in the US consumes 134.8 kBTU per square foot?. The
EUI for agencies is summarized in the following Table 2.1-7.

Agency EUI (kBTU/SF)
BOA 128
BOR 164
DHS 215
DOA 14
DOC 147
DOT 99
GFP 84
LSA 87
MVA 409

Table 2.1-7

2.2 State Energy Practices

The US Department of Energy’s (DOE) State Energy Program requires a State goal be established to
reduce total energy usage in South Dakota by 25% from 1990 levels by 2012.% This goal applies to all
energy usage in the State of South Dakota, including State-owned facilities and facilities owned by
the private sector.

2 Department of Energy, Energy Information Administration, 2003 Commercial Building Energy Consumption Survey.
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed tables 2003/2003set19/2003pdf/el-ell.pdf last accessed
11/2/09.

% South Dakota Statewide Energy Management, ARRA Application
http://www.state.sd.us/boa/ose/ARRA%20SEP/ARRA EECBG/SD%20-%20Strateqgy.pdf Last accessed: 10/15/09.
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NOTE: The scope for this study focuses only on State-owned facilities and facilities leased by the State.

Energy projects are managed by the Office of the State Engineer (OSE) and currently funded from
three primary sources:

e The DOE State Energy Program (SEP)
e American Recovery and Reinvestment Act (ARRA)
o Energy Efficiency and Conservation Block Grant (EECBG)

Other initiatives by the Office of the State Engineer and the Bureau of Administration have promoted
energy efficiency, including the Leadership in Energy and Environmental Design (LEED)
certification requirements for new State buildings, and procurement policies for products consuming
energy. These initiatives are discussed in further detail in this section.

2.2.1 DOE State Energy Program

The US DOE’s State Energy Program (SEP) provides grants to States and directs funding to State
energy offices. In South Dakota, the SEP is administered by the Energy Management Office
within the Bureau of Administration. The SEP in South Dakota provides funding for energy
efficient projects at State owned facilities, including the higher education campuses. The funding
is in the form of grants or zero interest loans. The program is intended to put SEP dollars directly
into cost-effective, energy cost-saving projects. The projects reduce energy costs at facilities and
directly benefits the taxpayers of South Dakota.

OSE’s State Energy Manager files an annual request for funding through the US DOE’s State
Energy Program, which provides grants to States and directs funding to State energy offices.
South Dakota's Energy Efficiency Grant program provides grants for State-owned facilities,
including institutions of higher education for energy efficient projects. Projects must improve
energy efficiency and resultant savings must produce a simple payback of 15 years or less. Last
year the program helped fund lighting projects, energy recovery, and heating and controls
upgrades, etc.

The State uses an energy tracking database to track energy savings for all projects receiving SEP
funds. This tracking system allows the energy office to determine the success of each project. The
database also provides a valuable tool in determining energy usage at each campus and
identification of potential energy saving projects.

Figure 2.2-1

Annual Formula Funds have been decreasing in recent years, _
from $321,000 down to $165,000. In FY09, the State Energy Year Forrglé?ervue%dmg

Office also received ARRA funding in the amount of PY05 $310,000

. . . PY06 $238,000

$23,709,000 for energy efficiency projects. PY07 $321.000

. . PY08 $226,000

The 2009 application for the State Energy Plan included the PY09 $165.000
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following highlights relevant to public building efficiency*:
e State Energy Goal: to promote and encourage energy conservation and energy efficiency,
in South Dakota.
o Selection of State Goal: to decrease the dependency on non-renewable energy sources

e Measuring achievements: The State continues to pursue energy savings measures in order
to reduce energy consumption in the State.

e State Strategy:

1. Projects must meet a reasonable payback period.

2. State will participate financially up to 100% of project costs, but matching will
be encouraged.

3. Financial assistance via grants or loans will provide an incentive to complete
energy efficient projects.

4. Grant applications will be accepted year-round, but loan applications will be
accepted once annually to evaluate and compare projects.

5. State staff will be available for technical assistance and promotion of energy

conservation measures at State facilities.
e Monitoring Approach: Measurement & Verification practices will be implemented for all
projects completed under the SEP.

2.2.2 Recent Funding: ARRA

The 2009 State Energy Plan for South Dakota also included requests for funding from the ARRA
allocation these projects are included in Section 4. South Dakota’s formula allocation provided
for $23,709,000 in ARRA project funding. The majority of this funding will be used for energy
loans to fund energy conservation projects at State owned buildings and save an estimated
200,000 MMBTUs. Approximately $3 million will be used as grants. New construction projects
are not eligible for this funding.

2.2.3 Recent Funding: EECBG

The State also submitted funding requests for the Energy Efficiency and Conservation Block
Grant (EECBG), which amounted to $9,593,500. The State proposed that 60% of this funding
would be provided to local government entities that were not eligible to receive direct grants from
DOE, and awarded on the basis of simple payback, energy savings, job creation/retention,
sustainability of the project beyond the funding period, maximum benefit to the community, and
local financial participation. The second phase will distribute the remaining 40% of funding to
other organizations not eligible in the first phase, including public and private entities, K-12

* South Dakota Statewide Energy Management, 2009 State Plan.
http://www.state.sd.us/boa/ose/ARRA%20SEP/ARRA EECBG/StatePlan.pdf Last accessed: 10/15/09
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schools, technical schools, and community based non-profit community organizations, with 75%
of the funds being distributed as zero interest loans to establish an energy efficiency project
revolving loan fund in the State. The State estimated 95,935 MMBTUs will be saved through this
plan, which will also result in reducing GHG emissions by 20,182 metric tons®.

2.2.4 LEED Certification

The new standard requires that covered State building projects achieve US Green Building
Council’s (USGBC) Leadership in Energy and Environmental Design (LEED) at a minimum of a
Silver certification, a two-globe rating on the Green Building Initiative Green Globe rating
system, or a comparable numeric rating from another accredited sustainable building certification
program. The law references the two specifically identified rating systems as they existed on
January 1, 2008. It applies to all new construction projects and renovations by State agencies,
departments, or institutions that cost more than $500,000 or include more than 5,000 square feet
of space. The standard only applies to buildings with heating, ventilation, and air conditioning
systems. Waivers to this standard may be issued by the Office of the State Engineer if:

e The building will have minimal human occupancy;

e The increased capital cost will not be recouped within 15 years from decreased
operational costs;

e The standard would conflict with existing Historic Properties laws

e The square footage of a renovation project is less than 50% of the total square footage of
the building;

e The Bureau of Administration (BOA) determines that the standard is impractical for a
given project

To date, most projects have been pursuing LEED certification, including twelve new construction
and nine renovation projects. Few projects have filed for waivers with the State Engineer. The
State Engineer has granted waivers for fifteen projects, six of them because the project was
already in progress when the new law took effect. Remaining waivers were granted because of
the small size and scope of the project.

2.2.4.1. USD’s Lee Medicine Hall: The State’s First LEED Certified
building

Prior to the new standard requiring all new State buildings to achieve LEED Silver

certification, the University of South Dakota’s Lee Medicine Hall began pursuing LEED

when the project began in 2004. In November 2009, the project was awarded LEED

Certification under the LEED for New Construction rating system, version 2.1.

® South Dakota Statewide Energy Management, ARRA Application
http://www.state.sd.us/boa/ose/ARRA%20SEP/ARRA EECBG/SD%20-%20Strategy.pdf Last accessed: 10/15/09.
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Lee Medicine Hall on the USD campus is the first State facility to receive LEED
Certification. The building consists of two, three-story wings linked by a central atrium
totaling 156,700 square feet. The Medical Education Wing, located on the west side of the
building, and the Graduate Education and Research Wing on the east side of the building, are
home to 37 laboratories/office suites; 28 faculty offices; 15 small group education rooms; 10
conference rooms; four teaching labs; three tiered classrooms, including an auditorium that
seats 222 students; three flat classrooms with a combined seating capacity for up to 146
students, two student lounges; and one five-room clinical examination suite. The building is
also wired for the latest technology and was designed to be adaptable to changes in
technology.

2.2.4.2. LEED for Existing Buildings

LEED for Existing Buildings (LEED-EB) can assist building owners and managers to employ
best practices for sustainable building operations in their facilities. Most buildings are eligible
to participate in the system — the building does not have to be previously LEED certified
under the new construction program. LEED-EB is structured in a similar manner to the
LEED-NC program, with prerequisites and credits in seven categories; Sustainable Sites,
Water Efficiency, Energy & Atmosphere, Materials & Resources, Indoor Environmental
Quality, Regional Priority and Innovation in Operations. The process of achieving LEED-EB
certification applies to®:

e Building operations, processes, systems upgrades, minor space-use changes, and
minor facility alterations or additions; and

e Buildings new to LEED certification as well as building previously certified under
LEED for New Construction, LEED for Schools, or LEED for Core & Shell; these
may be either ground-up new construction or existing buildings that have undergone
major renovations.

The LEED-EB rating system can be an effective tool for promoting energy and resource
conservation and is currently being studied for the Cultural Heritage Center on the Capitol
Complex.

2.25 Procurement

In July 2008, the BOA adopted a Statewide Environmentally Preferred Products policy (ES-08-
01) to provide direction to State agencies regarding the purchasing and appropriate use of
environmentally preferable products. This also includes products that are energy efficient:

® USGBC. LEED Reference Guide for Green Building Operations & Maintenance, 2009 Edition, page 15.
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When acquiring energy-consuming products State agencies shall purchase ENERGY STAR®
designated products. Information regarding ENERGY STAR® is available via the Internet at
:/lwww.energystar.gov/ . An agency is not required to procure an ENERGY STAR® designated
product if the head of the agency determines in writing, to the Office of Procurement
Management, that:

e No ENERGY STAR® designated product is reasonably available that meets the
functional requirements of the agency; or that

e No ENERGY STAR® designated product is cost effective over the life of the
product taking energy cost savings into account.

For product categories which are not eligible for an ENERGY STAR® label, the Federal Energy
Management Program (FEMP) has additional resources available to identify and procure products
with increased energy efficiency and low standby power’. These products may include
commercial light fixtures, fluorescent lamps and ballasts and commercial and industrial
equipment.

2.3 Supply-Side Management

Supply-side management seeks to control energy costs through purchase agreements, contract
management and the generation and sale of energy. This section of the report documents the State’s
current activities in supply-side management, which is primarily focused on contracted purchase
agreements.

2.3.1 Electric Power Purchase Agreements

The primary contract managed by the State is the Western Area Power Administration (WAPA)
contract. The contract provides for the sale of firm electric power and energy to the State. The
current contract has been in place since January 1992 and revised multiple times, most recently in
February 2006 which allocates power as Contract Rates of Delivery (CROD) through December
2020. The CROD establishes the maximum kilowatt demand for each institution, which include:

State Institution
Black Hills State University
Northern State University
South Dakota Developmental Center
School of Mines & Technology
Human Services Center
South Dakota State Penitentiary
South Dakota State University
Mike Durfee State Prison
University of South Dakota
Capitol Complex " *

" Federal Energy Management Program, FEMP-designated Products.
http://www1.eere.energy.gov/femp/pdfs/eep productfactsheet.pdf Last accessed 10/30/09.
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State Institution
T

Dakota State
Note 1: CROD assigned to local municipal utility
Table 2.3-1. Institutions with WAPA power allocations.

The campuses are each allocated a maximum amount of power and energy for winter and summer
months, as established in the WAPA contract. If the campuses exceed the power or energy
maximum, a penalty rate is applied using an “X/Y factor”. This penalty factor is calculated based
on the ratio of the established power demand to the highest actual power demand occurring
during seven previous billing periods and ending with the current billing period. When the CROD
is exceeded and a penalty applied, supplemental power must be purchased for the energy and
capacity above that delivered by WAPA. This can have significant and long-lasting effects on the
electric rate for a State campus, since exceeding the allocation in one month will increase the
electric rate for all WAPA electric for a minimum of six months following, even if the
consumption remains below the allocation in the following months.

South Dakota State University and Black Hills State University are the only campuses that
routinely exceed their CROD. The University of South Dakota is anticipating exceeding their
allocation this year due to significant new construction and campus expansion. Once a campus
exceeds the CROD, supplemental power is purchased from an alternate supplier. Black Hills
State University obtains supplemental power from Black Hills Power. South Dakota State
University and University of South Dakota obtain supplemental power from Heartland Electric. A
new agreement was recently finalized with Heartland Electric that includes wind power produced
in South Dakota.

The Capitol Complex and DSU allocations are assigned to the City of Pierre and City of Madison
respectively. The wheeling contracts for these two campuses are unique in that the allotments are
based on monthly fixed delivery schedules that look at coincidental demand.

Western can adjust the State’s WAPA allocation every five years. Electric allocations from
WAPA are not anticipated to increase, but may decrease as other campuses and buildings come
online and are entitled to WAPA allocations. Most recently, the WAPA allocations were
decreased 0.25% in 2006 for the overall allocation. This decreased all campus allocations by
approximately 0.25%. The next adjustment is slated for January, 2011 but no adjustment will be
made to the State’s allocation

Star Academy and the Veterans Home buy electric service direct from Black Hills Power and are
on combined billing, which provides a special tariff rate through the power company. The School
for the Blind is on tariff rate with NorthWestern Energy. The School for the Deaf is on tariff rate
with Xcel Energy. Electric power is also procured from local sources, some of which are
municipal power authorities and some are rural electric associations (REAS).
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2.3.2 Non-Electric Fuel Procurement

The natural gas provided to most State campuses is procured through a contract with
Constellation NewEnergy. However, several campuses do operate individual gas meters that may
be on the local distribution company tariff rate. The Capitol Complex procures natural gas for the
Pierre campus at a tariff rate.

The Office of Procurement Management (OPM) negotiates rates for fuel oil and propane. Various
vendors across the State supply propane and fuel oil, depending on vendor rates. Adjustments are
sometimes made from increased supply costs, which the vendor passes onto the State. In recent
years, no refunds have been provided to State agencies when prices happen to decrease, only
increased fees due to market conditions and historically volatile prices.

The State operates central plants to provide district energy services to buildings on several
campuses. However, in recent years it has proven more cost effective to decentralize these
systems for heating. Centralized chilled water systems are more common. Central plants are still
an economically viable means of delivering heat to buildings at many campuses; however the
decision to build, provide a major renovation or convert campuses and buildings to a
decentralized system is made on a case-by-case basis, depending on current use, condition of
systems and economic benefits.

Biomass represents another opportunity in the State to consider as an alternative fuel. STAR
Academy has a biomass boiler, which burns wood chips as fuel. The wood chip fuel supply is
provided under a contract through OPM, and is negotiated on an annual basis. Competitively
bidding the contract for biomass fuel and encouraging competition in this market would help to
ensure cost-effective procurement of this fuel source. Taking this a step further, the State may
consider the source of biomass fuel in nearby State lands that is currently being disposed of by
another contractor. Establishing a connection between the need to dispose of deadfall in State
lands and the need for wood chips at biomass boilers holds the potential to streamline fuel
procurement and reduce costs for each contract.

2.4 Renewable Energy Generation

Renewable energy systems generate energy from sunlight, wind and water. Energy is produced in the
form of heat or electricity, which is then used in buildings in lieu of natural gas, propane, or
electricity produced at a power plant. Distributed systems (renewable energy systems installed at the
point of use) reduce transmission losses in electric distribution and can provide significant energy
cost savings by reducing overall demand.
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24.1 Related Legislation

In February 2008, South Dakota enacted legislation (HB 1123) establishing an objective that 10%
of all retail electricity sales in the State be obtained from renewable and recycled energy by 2015.
In March 2009, this policy was modified by also allowing “conserved energy” to meet the
objective. The objective applies to all retail providers of electricity in the State. However, as a
voluntary objective (as opposed to a mandatory standard), there are no penalties or sanctions for
retail providers that fail to meet the goal.

For renewable and recycled energy, the objective is measured by qualifying megawatt-hours
(MWh) delivered at retail or by certificates representing credits purchased and retired to offset
non-qualifying retail sales. In the case of conserved energy, the objective will be measured by
methods established by the South Dakota Public Utilities Commission (PUC).

Quialifying electricity includes that produced from wind, solar, hydroelectric, biomass and
geothermal resources, and electricity generated from currently unused waste heat from
combustion or another process that does not use an additional combustion process and that is not
the result of a system whose primary purpose is the generation of electricity. Hydrogen generated
by any of the preceding resources is eligible. In addition to meeting the technology eligibility
criteria, electricity must also meet the PUC’s rules for tracking, recording and verifying
renewable energy credits (RECs). The PUC is authorized to develop such rules under SDCL 49-
34A-94 et seq. Both in-State and out-of-State facilities are eligible to generate qualifying RECs.

2.4.2 State Projects

Due to low energy rates in most of the State, renewable energy generation has lagged behind
other areas of the US. However, improvements in renewable technologies, improved project
economics, and increased interest from the general population and elected officials alike have
prompted feasibility studies across the State studying an array of technologies. Several of these
projects are underway, including the Capitol Lake Plaza geothermal, photovoltaic and wind
project scheduled for completion in 2011.

Other renewable energy projects have been developed as part of the Governor’s objectives for
economic development. A recent study evaluated wind conditions at Blue Dog Fish Hatchery,
and concluded that wind conditions in the Waubay area are fairly effective for generating
electricity (considered fair to good, based on regional wind data). The scenarios in the study
ranged from an implementation cost of $137,500 for a 50 kW turbine, to $495,000 for a 180 kW
turbine, with simple paybacks of 22 and 25 years, respectively. These figures assume a 40%
capacity factor; if this is decreased, payback periods extend up to 32 years.

Another wind study reviewed generation feasibility at McNenny Fish Hatchery in the Spearfish
area. In this area, wind conditions varied considerably from the Waubay area and show
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installations at reduced capacities. The scenarios in the study ranged from an implementation cost
of $43,125 for a 10 kW turbine, to $86,250 for a 20 kW turbine, with simple paybacks of 22 and
26 years, respectively. These figures assume a 35% capacity factor; if this is decreased, payback
periods extend up to 31 years.

A 2008 study evaluated the feasibility of using a solar system to assist in heating domestic water
for showers at the Lewis and Clark Recreation Area Comfort Stations. The solar system would
replace the two 100 gallon electric water heaters that currently provide hot water for showers and
lavatories. The existing water heaters each have an electrical input capacity of 18 kW. Hot water
usage was estimated to be 74,000 gallons per year, which consumes 8,118 kWh per year at a cost
of about $650. The proposed solar system would have an 80 gallon storage tank with two black
chrome solar collectors. The installed cost for the solar system was estimated to be $8000 in
2008. Potential energy savings was estimated to be 1415 kWh per year, or $113, therefore the
payback for this system exceeded a goal of 10 years.

2.5 Statewide Energy Initiatives

The State has established an Energy Conservation Loan program using the Petroleum Violation
Escrow funds®. The loan program is a zero interest loan to State agencies for energy efficiency
projects. One funded project was decentralization of the Human Services Center (HSC) heating
system. The HSC operated a central boiler plant with steam distribution throughout a tunnel system.
The steam distribution system was inefficient and resulted in a significant amount of heat loss. The
project included individual heating systems at each building on the campus and an upgrade to the
control system. The project cost was approximately $3.2 million. The State completed the project in
September 2008.

A recently completed study at Mike Durfee State Prison (MDSP) evaluated fuel oil and liquid
propane usage, as well as alternatives and accompanying life cycle cost analysis. One option studied
for MDSP was implementing natural gas condensing boilers with the natural gas supplied on a firm
basis. This option was the most costly due to natural gas constraint upgrades and provided a 32 year
simple payback. The study determined that converting to natural gas at the Central Plant, Laundry and
Ludeman Hall with both a firm and interruptible supply of natural gas provided the best payback at 14
years.

Less traditional fuel sources are also being considered at State campuses. As part of the Black Hills
State University Utility Master Plan, various options are being considered for upgrading or replacing
the central heating plant. These include: purchasing steam from a nearby sawmill, installing a
biomass boiler system and upgrading the existing boiler plant to high efficiency boilers. The steam

8 NASEO State Energy Program and Activity Update, Winter 2009.
http://www.naseo.org/publications/SEP_Update 2009.pdf Last accessed: 10/15/09.
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purchase option also includes an alternate for a central chiller plant upgrade. Budget costs and
paybacks are currently being reviewed.

The State also replaced an existing fossil fuel boiler with a biomass boiler at a youth correctional
facility located in Custer, South Dakota. The facility is located in the Black Hills of South Dakota
with a close proximity to wood chips. The use of the biomass boiler system has a dual benefit for the
State, reduce fossil fuel use and reduce wood waste in the State Park by providing a market for wood
chips from the slash piles. The State reduced fossil fuel use by approximately 180,000 gallons of
propane saving approximately 16,500 MMBTUs in 2008.

Statewide , there is no policy for converting fuel oil systems to natural gas or biomass, this decision is
evaluated on a case-by-case basis and determined based on anticipated life-cycle costs. For example,
SDSU uses one coal as the main fuel source but also uses natural gas in the shoulder months and
during milder winters.

An energy management effort by the Bureau of Information & Telecommunications (BIT) reduces
energy consumed in IT operations. Computers and peripheral equipment must be ENERGY STAR®
qualified pursuant to OPM policy. A policy is currently being implemented that sets desktop PCs and
monitors to sleep mode after 2 hours of inactivity, reducing their energy use by 68% when not in use
at night and on the weekends. A long-term server virtualization project has reduced the number of
servers needed and the energy to power them.

2.6 Energy Management

Energy management at a State campus level refers to the responsibilities of tracking and trending
energy use on a daily, monthly and annual basis. The goal of energy management is to:

1. provide a comfortable and productive indoor environment in State buildings by
controlling the HVAC and lighting systems;

2. operate HVAC and lighting systems to optimize energy performance while maintaining a
comfortable and productive indoor environment, i.e., demand side management;

3. control energy costs through supply-side management practices, i.e., review and negotiate
power purchase agreements, procure supplemental power as necessary;

4. lead the identification, evaluation and implementation of energy conservation measures
to improve building systems and reduce energy use;

5. acquire outside funding to support the implementation of energy conservation measures;

6. establish an M&V program to track energy savings from previously implemented energy
conservation measures; and

7. manage utility bills, review for accuracy, approve payments, and track utility costs on a

daily, monthly and annual basis.
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In the State of South Dakota, monthly utility bills are tracked in the State’s energy management
software, EnergyCAP. This software program provides a tool for users to record monthly utility bills,
audit utility rates to identify billing, metering or consumption problems and prepare management and
analysis reports. Most State campuses are currently tracking energy use in EnergyCAP, with the
exception of the Game Fish and Parks, National Guard, State Training School, the State Fairgrounds,
and all leased facilities. The Physical Plant Director is responsible for managing their buildings in
EnergyCAP, however in current practice this has frequently been executed by a business manager
position. There are approximately 100 users registered to use the EnergyCAP software, however most
users only upload data. This neglects the real value of tracking energy cost and use, which is to
extract information to better manage energy use.

2.6.1 Case Studies in Energy Management

During the site investigations performed for this study, Sebesta Blomberg collected the
information available from previously implemented energy conservation measures at State
campuses. Though personnel on many campuses indicated they have implemented small projects
to improve efficiency, few have tracked the savings realized from these investments. South
Dakota State University was one exception, which provided an SDSU Energy Report which
summarizes energy use and other factors over the past 10 years.

2.6.1.1. South Dakota State University

Since 2005, SDSU energy use has increased from 409,926 MMBTU to 457,902 MMBTU
through 2008. Though this 12% increase is significant, student enrollment has increased by
9% and building square footage has also increased by 5%. New buildings on the campus are
high energy intensity, meaning they use more energy per square foot than a typical building
due to the space types in the buildings. Overall, energy use intensity at the campus has
increased a total of 7% from 2005 to 2008, however it should also be noted that this is a
reduction of 6% compared to the 5-year period from 1999-2003.

To control energy use, SDSU has upgraded and retrofitted much of the campus with new
fixtures and technologies to achieve energy savings cost effectively. The following list
summarizes the achievements through September 2009:

Summary of Implemented ECMs at SDSU

1. Energy Efficient Fluorescent Lighting: Upgraded 90% of fixtures on campus,
approximately 2,000,000 square feet.

2. LED Lighting: Replacing conventional wall packs at end of life with LED wall
packs, which consume less energy and require less maintenance.

3. High Bay Fluorescent Lighting: Upgrading metal halide and mercury vapor

fixtures, which use 60% less energy.
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10.

11.

12.

13.

14.

2.6.1.2.

Occupancy Sensors: Installing sensors in classrooms as upgraded or renovated.
Installed 70 sensors in restrooms.

ENERGY STAR Appliances: Established a requirement that all break room
appliances purchased on campus must have the ENERGY STAR label.

Updating HVAC Controls: Upgrading pneumatic controls with digital control
systems/DDC. Digital controls are installed in about 1,000,000 square feet of
facilities on campus. All new construction uses DDC. This reduced energy costs by
33%.

VFD Technology: Installing Variable Frequency Drives in new buildings. 60 VFD
drives are currently installed. Anticipating 100 VVFDs installed within 2 years.

Pipe Insulation: Reinsulating steam pipes and adding insulation to existing pipes
has covered 80% of all steam lines in campus, which will reduce heat loss and save
energy. By 2011, 100% of steam lines will be properly insulated.

Steam Efficiency: Annual inspections of steam system identify and replace steam
traps and steam leaks to minimize energy losses. If unattended, one steam leak could
cost $500 annually.

Heat Recovery: Heat recovery systems capture the heat from building exhaust air
on cold days to preheat outdoor air for ventilation. Animal Resource Wing, Northern
Plains Biostress Laboratory, Student Wellness Center and Animal Science Complex
have heat recovery systems installed.

High Efficiency Windows: During window replacement projects, high efficiency
windows are installed which improves insulation and reduces air infiltration, saving
energy.

Roof Insulation: Approximately 300,000 square feet out of 850,000 square feet for
all roofs on campus have had additional insulation added during roof replacement
projects.

LEED Construction: The University Student Union, Avera Health and Science
Center, and Dykhouse Student Athlete Center are all being designed as LEED Silver
facilities, which will help control future energy growth.

Energy Conservation Engineer: In 1999, SDSU created a new position in Facilities
and Services for an Energy Conservation Engineer to identify, propose and manage
implementation of energy conservation projects throughout campus.

University of South Dakota

The University of South Dakota has a Project Engineer from Facilities Management leading
energy initiatives. Recent energy projects include:

State of South Dakota
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Summary of Implemented ECMs at USD

e Additional insulation is being added to steam and condensate lines. This project was
started in September and should be completed in the beginning of November. The
project cost is $127,132.00. This project was designed and bid internally.

e Two main water tube boilers were replaced in 2008 and came on at the start of 2009. It is
estimated that the campus went from 72%-75% efficiency to 81%-86% efficiency in
producing steam.

e The majority of the buildings on campus have upgraded lighting from T12 to T8

e The Dakota Dome roof was replaced in 2005 from a blown up fabric roof to a permanent
insulated roof.

e The campus was switched from year around steam producing to winter months only.
Electric water heaters were installed instead.

e Anenergy heat reclamation system was installed at the Lee Medical School. A wrap
around loop was utilized to save energy.

e In August 2008, an energy grant provided funding for the installation of two new electric
boilers as an alternative to keeping the Al Neuarth building on steam due to deteriorating
steam lines.

2.6.1.3. Capitol Complex

The Office of the State Engineer recently installed a new central air conditioning chiller that
serves the Capitol building. The frictionless compressor chiller uses magnetic bearing
technology levitates the rotor of the shaft, resulting in a highly-efficient, super-quiet
compressor. Without metal-to-metal contact, there are no high-friction losses, no oil to
contaminate refrigerant and no oil-handling equipment to use energy or break down.
Significant avoided costs were the big motivation for replacing three existing chillers and
seven rooftop air conditioners on the capital building with one frictionless chiller plant. The
frictionless chiller system was one of the first to be installed in South Dakota. This project
reduced energy use by approximately 40%.

Other previously implemented energy conservation measures at the Capitol Complex campus
include:

Summary of Implemented ECMs at Capitol Complex

1. Lighting upgrades to T-8 fluorescent lighting and de-lamping to avoid over lighting
spaces;
2. Ventilation system improvements include new digital control systems and strategies,

improved air distribution systems and new cooling units in computer rooms which
are controlled to use “free cooling”;
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Building insulation and window replacements with renovation projects;
Additional roof insulation installed within the scope of roof replacements;
Installed 46 variable speed drives (VFDs) for fans and pumps in six buildings;
Installed occupancy sensors for lighting control in three buildings;

Installed automatic shut off for office lighting in two buildings;

© N o 0 &~ w

Installed heat recovery in two buildings, Forensics Lab and MacKay Building.

2.6.2 Measurement & Verification Capabilities

Measurement and Verification (M&V) for a building includes a program to evaluate building
energy use by using a combination of hardware (i.e., building sensors, meters, submeters) and
software (i.e., the building automation system (BAS), environmental management and control
system (EMCS)). The goal is to better understand how energy is used in the building by having
additional meters strategically placed around the building, rather than simply one utility meter
that describes the whole building energy use.

An M&V program can also be used to track energy and cost savings realized from implementing
energy conservation measures at State campuses. Upon completing the energy conservation
measure, an M&V program would be developed specifically for the scope of the project - M&V
varies depending on scope, systems involved, and complexity of the variables determining energy
use. Often this can be accomplished by installing submeters at the point of use for the new
equipment (i.e., at the electrical panel board for the circuit with new lighting). This submeter
continuously logs the energy used by the new system, which is also dependent on actual operating
hours, and records this information in the Building Automation System (BAS), Energy
Management Controls System (EMCS) or data loggers that will store the information that can be
periodically downloaded onto a computer for review. After a period of time, typically one year,
this actual energy use is compared to the energy used by the former system to calculate the
realized savings. Tracking these savings ensures energy conservation measures are reducing
campus energy use and reducing campus operating costs, which will assist in identifying,
evaluating and requesting funding for more energy conservation measures.

Currently, limited submetering exists on State campuses. The Capitol Complex recently installed
sub-meters for eleven main buildings. While the Board of Regents have submeters on all revenue
generating buildings (i.e., dorms, cafeterias, wellness centers), these submeters log energy used
by the whole building, and do not describe energy used at the building system level. Meters at
these campuses feed back to campus level; there is no capability for Statewide monitoring of
submeters by the Office of the State Engineer, or another State agency.
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OSE recognizes the importance for submetering to better manage energy consumption at State
facilities. Additional resources are required to install more submetering and establish M&V
programs at State campuses.

New construction of State buildings requires LEED Silver certification, which holds the
opportunity to include the development of an M&V program and is rewarded with three points
under the LEED-NC 20009 rating system. However, there is no formal guidance from the State to
ensure projects are achieving these points — it is left to the project team’s discretion and budget
priorities.

2.6.3 Advanced Metering

Advanced metering is the integration of electronic communication into metering technology to
facilitate one-way or two-way communication between utility and customer equipment®. With
advanced metering, there is an automatic system for metering energy use that provides for
continuous, real-time communication between the energy provider (i.e., the utility) and the
consumer (i.e., the State agency).

At a basic level, advanced metering allows for automated meter reading from a remote location.
When used in combination with other programs, the consumer can be provided with innovative
rate structures to vary the cost of energy with demand, power factor and time-of-use. Advanced
metering benefits the utility and the consumer, since utilities seek to generate energy at a steady
and predictable rate and consumers seek to reduce their costs related to energy use.

State campuses have demand metering at larger campuses, i.e., State universities, the Capitol
Complex and all campuses with WAPA allocations. The Board of Regents and Human Services
have automatic programs through their BAS to shutoff equipment if demand is too high.
However, this program is contained within the building, and does not integrate with the utility to
provide information regarding time-of-use, power factor and real-time demand.

Implementing an advanced metering program across the State would require new hardware
installation at State facilities and close coordination with utilities to achieve the desired results in
energy cost savings, and a steadier, more predictable demand for energy.

2.7 State Culture

Historically, energy has been inexpensive in the State of South Dakota. This has established a culture
that does not connect energy use with operational costs. At the same time, total demand for energy
was low. The WAPA CROD allowed agencies to use their energy allocation without a strong focus
on the financial impacts of energy consumption, since any cost savings resulting from improved

® Western Area Power Authority, Technical Brief: Advanced Metering.
http://www.wapa.gov/es/pubs/techbrf/metering.htm Last accessed 10/21/09.
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efficiencies would be minute. However, as demand for energy from State agencies has grown, the
total energy consumption has exceeded the amount of energy allocated by the CROD. Consuming
more energy from WAPA than what is allocated in the CROD is penalized with the “X/Y factor”,
which has severe impacts on agency energy budgets. The CROD from WAPA has not increased with
State energy demand — in fact when last renewed the CROD for State agencies was reduced by 0.25%
to allow for reallocation to other Western customers. As a result, energy rates have increased, in some
cases rates have increased drastically. At campuses with a WAPA allocation, the effective blended
rate has increased the total energy expense, through penalties or higher rates from alternate suppliers.

Other steps toward a portfolio of energy efficient buildings can include enforcement of an energy
standard for buildings, engaging the building occupants to increase their energy awareness and
building operator training programs.

2.7.1 State Energy Policy for New & Renovated State Buildings

It is State policy to follow the most current version of the International Building Code for the
design, construction and renovation of State buildings. The current version is 2009 (updated
every three years) and references the International Mechanical Code. The 2009 International
Mechanical Code references ASHRAE 90.1-2007, which is used by the Office of the State
Engineer to enforce a minimum energy efficient design standard for State buildings. This policy
is enforced by including this requirement into design contracts. In addition, all State buildings
must achieve LEED Silver certification requiring new building performance to be 10% more
efficient than a baseline building, and requiring major renovations to existing buildings to be 5%
more efficient than a baseline building™.

2.7.2 Education & Awareness

An Energy Awareness Program seeks to engage all building users to increase knowledge and
understanding of the impact of normal activities on the overall energy use of a building. These
programs have shown to yield energy savings from 5 to 10% and are achieved through changing
occupant behavior to reduce energy use.

There are several examples of such programs in the State:

e BOA has established an interagency Sustainable Work Group to address energy, water
and solid waste reduction, recycling, sustainable procurement, and travel reduction/fuel
efficiency in State government operations. The group encourages State employees to
reduce energy use by turning off lights when not needed, minimizing personal electrical

19 | EED Reference Guide for Green Building Design and Construction, 2009 edition, page 237.
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devices, using blinds to reduce solar heat gain, and setting computers and monitors in
hibernate mode overnight and on weekends.*

e BOA is developing plans to install a building dashboard for Capitol Lake Plaza and
McKay to communicate real-time energy use to building occupants to raise energy
awareness.

e Three State universities have signed the President’s Climate Commitment, which seeks to
address global warming by garnering institutional commitments to neutralize greenhouse
gas emissions, and to accelerate the research and educational efforts of higher education
to equip society to re-stabilize the earth’s climate®. A key component of complying with
the commitment is energy savings on campus to reduce emissions. The three universities
are:

o0 Black Hills State University
0 South Dakota School of Mines & Technology
0 University of South Dakota

The college and university presidents and chancellors who are joining and leading the President’s
Climate Commitment believe that exerting leadership in addressing climate change will stabilize
and reduce their long-term energy costs, attract excellent students and faculty, attract new sources
of funding, and increase the support of alumni and local communities.

2.7.3 Building Operations Staff Training

There is no formal Statewide training for building operations staff at State facilities to instruct
personnel on how to operate buildings and use less energy. Few resources are available to
building operators, and as a result operating problems are often ignored or temporary solutions
improvised to continue performing in a suboptimal operation.

A professional development program would greatly assist building operations and maintenance
staff in the energy and resource-efficient operation of State buildings. A building operator
training program expands knowledge and cross-trains participants in important skill areas,
maximizing the operator’s versatility within the agency and allowing operations staff to take on
more responsibility. Agencies can save money through training by developing the skills of their
own staff and increasingly avoiding the need to hire outside contractors. The program also
enhances careers and often results in improved job retention.

1 hitp://sustainable.sd.gov/employees.aspx
12 American College & University President’s Climate Commitment
http://www.presidentsclimatecommitment.org/about Last accessed 10/29/09
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One certification program, Building Operator Certification (BOC) Central, reports average annual
energy savings of $12,000 per facility with a BOC certified operator, or roughly $0.026 per
square foot. The buildings also report increased customer satisfaction because building operation
staff is more responsive to issues of air quality and comfort control, and staff are more proactive
in compliance with environmental health and safety regulations affecting facility operations. **

The State recently deployed a preventative maintenance software program called Sprocket. At the
present time, the program is in use by eight institutions for preventive maintenance activities. In
combination with a training program for building operators, this preventive maintenance program
will support improved building operations and reduce the risk of equipment failure which has a
detrimental effect on energy consumption.

2.7.4 Summary

Energy consumption is anticipated to continue to grow as the State of South Dakota continues to
grow. The requirement for all new State buildings to be LEED Silver certified will assist in
managing energy consumption, but will not be sufficient in curbing energy demand for new and
existing buildings. Raising the efficiency requirements to ensure these building projects exceed
the minimum energy performance will help to transform the State’s portfolio of buildings.
Continued enforcement of ASHRAE 90.1-2007 (the energy standard which is frequently adopted
as energy code) for State building projects will help to ensure buildings are designed with energy
efficiency in mind.

Beyond design and construction, the operations phase of the building holds the responsibility to
operate the building systems in an efficient manner. Building users must understand that their
daily decisions affect building performance, and building operators must identify and prioritize
maintenance activities to keep the building operating in a safe and economical manner. This
requires a comprehensive preventive maintenance program, documented building operating
procedures, and resources to obtain additional assistance for building malfunctions, when needed.

13 Midwest Energy Efficiency Alliance. Building Operator Certification Program, Why Get Certified?
http://www.boccentral.org/page.php?content=why get certified Last accessed 10/15/09.
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3.0 Statewide Prioritization Plan

The purpose of this section is to focus on energy conservation measures (ECMs) that have a low-cost to
implement and a comparatively high rate of return, yielding a short payback period for the investment.
These ECMs with a short payback were identified by investigating targeted buildings, interviewing
building staff and assessing building system design and performance. Each measure was quantified using
the information available and reasonable assumptions based on engineering practice and the
understanding of the building at the time of the study. Based on the findings from the representative
sampling of buildings, energy conservation strategies and savings potential were extrapolated for other
State buildings that were not investigated.

This section discusses ECMs in general terms as they apply to the two-thirds of State buildings
investigated Statewide . Section 4 provides further detail for applying ECMs at specific campuses and
buildings.

3.1 Summary of Findings

Upon completing our investigation of the facilities targeted in this study, we have identified a total of
1,168 ECMs that if implemented could reduce annual energy use by 332,952 MMBTUs annually,
representing a 15.3% reduction in Statewide energy use. Implementing all of these measures would
cost an estimated $38,617,093. Annual cost savings from reduced energy use would amount to
$3,558,450, in today’s dollars. While implementing all of these measures is impractical, the aggregate
savings shows that there are significant opportunities to reduce energy use at State facilities.

The figure below (Figure 3.1-1) shows the required dollar invested in an energy conservation measure
to generate 1 MMBTU of energy savings annually. This figure shows that Controls and
Retrocommissioning measures are the cheapest means to reduce annual energy consumption, while
lighting and HVAC measures tend to require larger investments for energy reductions.

Figure 3.1-1

S Invested per MMBTU Saved Annually
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To achieve the most energy reductions per dollar invested in energy conservation projects, Controls
and Retrocommissioning ECMs should be completed first, then Lighting, then HVAC measures. The
Other category of measures includes a variety of ECMs that cannot be classified into one of the other

four categories.

Based on total potential energy reduction of the ECMs evaluated in this study, the Controls and
HVAC categories provide the most opportunity for energy conservation. This is illustrated with the
following pie chart (Figure 3.1-2), showing 69% of energy savings (in MMBTUs) from Controls and

HVAC measures.

Figure 3.1-2
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Based on total implementation cost of the ECMs evaluated in this study, HVAC projects generally
require more investment than Controls projects. This reinforces the Statement that Controls and
Retrocommissioning projects provide the most energy savings per dollar invested.

Figure 3.1-3
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The next set of figures show the required dollar invested per 1 MMBTU of energy savings annually

for each ECM category..
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The Controls figure (Figure 3.1-4) shows very low ratios for most Controls measures, with the
exception of the ECM for converting three-way valves to two-way valves. The remaining measures
for this category are much more attractive. For all Controls ECMs, it will cost $66 on average to save
1 MMBTU annually.

Figure 3.1-4

Controls Measures:
S Invested per MMBTU Saved Annually
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The Retrocommissioning figure (Figure 3.1-5) shows more consistently low ratios for
Retrocommissioning measures. For all Retrocommissioning ECMs, it will cost $41 on average to
save 1 MMBTU annually.

Figure 3.1-5
Retrocommissioning Measures:
S Invested per MMBTU Saved Annually
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The Lighting figure (Figure 3.1-6) shows more consistently low ratios for Lighting measures. For all
Lighting ECMs, it will cost $106 on average to save 1 MMBTU annually.

Figure 3.1-6
Lighting Measures:
S Invested per MMBTU Saved Annually
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The HVAC figure (Figure 3.1-7) shows more consistently low ratios for HVAC measures. For all
HVAC ECMs, it will cost $149 on average to save 1 MMBTU annually.

Figure 3.1-7
HVAC Measures:
S Invested per MMBTU Saved Annually
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The Other figure (Figure 3.1-8) shows ratios for Other measures vary significantly. For all Other
ECMs, it will cost $300 on average to save 1 MMBTU annually.

Figure 3.1-8

Other Measures:
S Invested per MMBTU Saved Annually

$1,400
$1,200
$1,000
$800
S600 =
$400 —F — —
S200 +—— — —
SO T T T T T T T T T T T T T T 1
L & L :
&0"‘\\ & 60‘35 OE‘, \(\Qf" c‘,&@ & 6\0‘0 63‘7 &Q Q\\é\ _,\\5\0‘(\ ,5\\0 ’S&é ((\\((\
FT TP T T FTEFIIT TS
\e\ \}Q‘R\ o ‘b\\Q & 060 ’:S\i’-v < ’53‘5 ‘z\e, .@( %é db\) .(\(_, $@
R TSP T N ARG RCI PN
& & & ¥ N Y SR P A
& @ %Q' 2 & b\(\ 5 .,@'SL “5@ \E\%& @é \;a‘)
Q‘é\ bdQ g}\i\ Q\,—,,o \(\Qg & &?} & RS RS ¥
& & S &L RO U S S &
& & e & F & & o
S &F &° <& & &F & Q¥ & \{)Q’o o
@Q‘ & & RS ,bob & & & & R
& s WS P R & (°
<& & el o L o7 g
() & & & P o~
&N & & P A
@(‘) ¥ @ © \*a" QS}%
> &
Q
State of South Dakota Page 51 of 590
Statewide Energy Auditing for Energy Master Plan December 1, 2009

Sebesta Blomberg Project 653004.00



SEBESTA : .. _
BLOMBERG Statewide Prioritization Plan

In the following sections, ECMs are identified to achieve energy use reductions in 5% increments up
to a 20% energy use reduction. The corresponding incremental implementation costs are summarized
with the estimated annual energy cost savings.

Table 3.1-9
% Energy Use Reduction | Reduction in MMBTUs
5% 108,296
10% 216,592
15% 324,888
20% 433,184

ARRA Projects under Contract

There are several projects currently underway which include ECMs at the Capitol Complex and the
Public Safety Building. These “shovel-ready” projects include 15 ECMs. These ECMs include Central
Boiler Plant conversion, chiller replacements at Becker-Hanson and Kneip buildings, Capitol building
lighting upgrades, Public Safety building boiler replacement, and retrocommissioning at multiple
buildings on the Capitol Complex campus.

5% Energy Reduction

To achieve a Statewide 5% energy reduction, additional projects would need to be completed in addition
to the ARRA projects currently under contract. If implemented based on greatest energy reduction per
dollar invested, a total of 235 ECMs would need to be implemented at a cost of $3,869,108. Annual
savings would amount to $1,020,432, yielding a payback of 3.8 years.

If each ECM is implemented based on shortest payback, a total of 292 ECMs would need to be
implemented at a cost of $2,873,889. Annual savings would amount to $1,025,708, yielding a payback of
2.8 years.

10% Enerqgy Reduction

If implemented based on greatest energy reduction per dollar invested, a total of 546 ECMs would need to
be implemented at a cost of $9,567,513. Annual savings would amount to $2,062,112, yielding a payback
of 4.6 years.

If each ECM is implemented based on shortest payback, a total of 669 ECMs would need to be
implemented at a cost of $8,813,256. Annual savings would amount to $2,124,233, yielding a payback of
4.1 years.

15% Energy Reduction

Implementing all ECMs documented in this study will yield a 15.3% reduction in Statewide energy use.
This would include implementing 1,168 ECMs at an estimated cost of $38,617,093. Annual cost savings
from reduced energy use would amount to $3,558,450, in today’s dollars, yielding a payback of 10.9
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years. While implementing all of these measures is impractical, the aggregate savings shows significant
opportunities to reduce energy use at State facilities.

20% Energy Reduction

Throughout the energy auditing process, approximately two thirds of the State’s square footage was
audited. These facilities were targeted for auditing based on savings potential, schedule, logistics and
cost. An effort was also made to audit a representative sample of State agencies and building types. One-
third of the State’s facilities’ square footage does not have potential project costs and savings included in
this study. Based on a simple square footage extrapolation of results found in the two-thirds that was
audited, it is reasonable to assume that an additional study of the final one-third of State facilities would
produce potential energy conservation measures to reduce energy consumption by an additional 7% with
similar project economics to this study. Implementation may be estimated at a cost of $12,000,000 with a
potential savings of $1,125,000 per year. This would yield a total of 22% reduction in energy
consumption Statewide.

3.2 Additional Energy Reductions

3.2.1 Advanced Metering

Recent studies by major universities and metering companies suggest the typical savings potential
for a campus to have an advanced metering system is installed could be as high as 5 to 20% of
their current utility budget. This does not produce a true cost/payback because the metered data
does not directly produce savings. The actions from the decisions made using the data are what
drive the savings.

The following chart outlines the metering situations at State campuses where advanced metering
and monitoring may provide the greatest value. Expected ranges for EUI are for generic
campuses of types identified and published by the Department of Energy’s ENERGY STAR®

program.
Table 3.2-1
Significant Utilities Campus | Expected | ROM Metering | Potential Annual
Campus Agency | Buildings Consumed EUI EUI ! Savings
Veterans Home MVA 5 Electric, Steam, 184 | 100-150 $75,000 | $50,000 - $150,000
Propane, Fuel Oil

South Dakota School of | - o 12 Electric, Steam 272 | 100-150 $75,000 | $50,000-$150,000
Black Hills State BOR 7 Electric, Steam 128 100-150 $75,000 $25,000 - $75,000
South Dakota State Electric, Steam,
Penitentiary DOC 20 Natural Gas 150 125-175 $75,000 $0 - $50,000
South Dakota School Electric, Steam,
for the Deaf BOR 3 Natural Gas 94 80-100 $15,000 $0 - $10,000
State Training School DOC 10 Electric, Steam 72 80-100 $25,000 $0 - $15,000
South Dakota DHS 17 Electric, Steam 184 80-100 $75,000 $10,000 - $50,000
Developmental Center
Dakota State University | BOR 13 Electric, Steam 204 100-150 $75,000 $25,000 - $100,000
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NOTE 1: Rough Order of Magnitude (ROM) Metering cost is based on the investigation equivalent of an
ASHRAE Level 1 Energy Audit. Full scope of metering requires additional investigation and design.

Installing advanced metering at these campuses would cost an estimated $500,000. Additional
costs may be incurred through the process of establishing the monitoring program and
implementing procedures to better control energy use. An advanced metering and monitoring
program has the potential to yield an additional 50,000 MMBTUEs in total energy use reductions
at these campuses. This would have the effect of decreasing Statewide energy use by
approximately 2%.

3.3 Other Recommendations

3.3.1 Energy Management

Few agencies and campuses have a dedicated position for energy management. As a result, it is
unclear if the remaining energy management duties at State campuses are covered by other
positions, or currently being unfulfilled. Principally, responsibilities are in question for the
following energy management duties:

e operate HVAC and lighting systems to optimize energy performance while maintaining a
comfortable and productive indoor environment, i.e., demand side management;

o lead the identification, evaluation and implementation of energy conservation measures
to improve building systems and reduce energy use;

e acquire outside funding to support the implementation of energy conservation measures;
and

e establish a Measurement & Verification (M&V) program to track energy savings from
previously implemented energy conservation measures.

To resolve this uncertainty and ensure all energy management responsibilities are addressed at all
State campuses, it is our recommendation that agency-level energy managers be identified, or
created if necessary, and ensure all State buildings are managed by an energy manager position at
an agency or campus level. Larger State campuses, such as Mike Durfee State Prison or Black
Hills State University, should have their own energy manager. Smaller State campuses, such as
Department of Transportation buildings or Leased facilities with locations scattered throughout
the State, should have an energy manager position at the agency level.

ARRA (federal stimulus) project funding requires energy savings reporting quarterly for three
years during the grant funding period. These reporting requirements can be incorporated into
energy manager positions at the campus or agency level. After the three year federal reporting
period, the Office of the State Engineer will require yearly energy savings reports from campuses
and agencies.
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Other recommendations in this area of energy management include:

¢ Require all agencies to record all energy use and energy costs from State facilities
(including leased facilities) into a single database, whether that database tool remains
EnergyCAP or is selected from competing energy management software;

e Require all agencies which implement ECMs to provide reporting, regardless of funding
source (OSE can provide support to other agencies to complete reporting requirements,
but OSE will bill the agency for analyzing and tracking energy use);

e Consider LEED certification for existing buildings using the LEED-EB: Operations and
Maintenance rating system;

o Complete the US EPA’s ENERGY STAR Portfolio Manager for all significant State
buildings, using the built-in tool in the State’s energy management software;

o Use the energy management software as a management tool, not just a database — the
State Energy Manager is currently working with the software company to re-launch the
EnergyCAP program to State agencies;

e Coordinate energy management at a State level, with formal or informal methods of
communication among energy managers at State campuses and agencies to share best
practices and lessons learned; and

e Take an active role in keeping up with the cost and viability of new technologies that
could potentially reduce consumption of State facilities.

A professional development program would greatly assist building operations and maintenance
staff in the energy and resource-efficient operation of State buildings. A building operator
training program expands knowledge and cross-trains participants in important skill areas,
maximizing the operator’s versatility within the agency and allowing operations staff to take on
more responsibility. Agencies can save money through training by developing the skills of their
own staff and increasingly avoiding the need to hire outside contractors. The program also
enhances careers and often results in improved job retention.

One certification program, Building Operator Certification (BOC) Central, reports average annual
energy savings of $12,000 per facility with a BOC certified operator, or roughly $0.026 per
square foot. The buildings also report increased customer satisfaction because building operation
staff is more responsive to issues of air quality and comfort control, and staff are more proactive
in compliance with environmental health and safety regulations affecting facility operations. *

14 Midwest Energy Efficiency Alliance. Building Operator Certification Program, Why Get Certified?
http://www.boccentral.org/page.php?content=why get certified Last accessed 10/15/09.
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3.3.2 Advanced Metering and Monitoring

Electricity, natural gas, and water are delivered to users through city-wide or region-wide
infrastructure where they are consumed to provide the necessities and luxuries that we have come
to take for granted. In order to determine how much to bill, the utilities that provide the
electricity, natural gas and water install meters onsite at the user’s infrastructure take-off. Older
style meters are mechanical and require a meter reader to physically go to and read the dial or
readout on the meter on a regular interval to provide usage information for the utility to bill the
user. Newer style meters have remote monitoring capabilities either through a wireless signal
that can be read by remote devices or web-enabled that can transmit via phone or internet
networks.

The value of the metering information is often lost. The utility bills arrive monthly and are paid
without an analysis of the usage. An effort to track, interpret and analyze utility usage and
changes over time usually results in an effort to find those areas that use the largest amounts of
energy and reduce it. It is difficult to manage anything that is not being measured. Advanced
metering and monitoring is a broad term used to describe the process of using the metered utility
information to affect usage and costs by a user or users. This can be a broad range techniques and
technologies which have a corresponding broad range of costs and benefits.

3.3.2.1. Options for Implementation

Typically, the most modest and least expensive metering and monitoring option that facilities
utilize is manual entry of the billed usages and costs into a spreadsheet analysis tool for
tracking. At a cost of only in-house personnel time, charts and graphs can be created and
analyzed showing usage trends, year over year data and month over month data. Any spikes
would be interpreted and investigated to determine if there are operational issues that could
be fixed. Energystar.gov produces energy use indices for building owners and operators to
compare their buildings to in order to determine if they are consuming more than their peers.
Any high use buildings could be either justified or investigated as high potential opportunity
for reduction. This service is also available from utilities often times at no cost or a low cost
administrative fee.

A step up from tracking would be sub-metering utilities so that a better picture can be created
in terms of where the energy is being consumed. A master-meter at a campus or a building
can only show the consumption of a utility as a whole at that meter. Certain buildings or
certain portions of a building may be the areas of opportunity but without metering at that
level, the affect of those opportunities is muffled by the total usage at the master-meter. Sub-
metering data can be collected manually, but there are many commercial products available
currently that collect data and produce the charts and graphs of usage automatically.
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Meters and sub-meters can be upgraded with pulse technology that will provide active
feedback to building owners and operators. This requires a more sophisticated interface to
compile and show the data with a network to support data transfer on a continuous basis. The
pulse meter technology can deliver consumption and demand data for any meter it is installed
on to the system in user defined increments. Typically this is set up to refresh every fifteen
minutes. With that information building owners and operators will have the information of
how the building uses energy throughout the day in however fine of detail the network of
meters allows. Spikes in usage suggest there may be an issue. This could be caused by
cycling equipment, fighting equipment, or malfunctioning equipment. High night usage
suggests there may be an issue as buildings typically idle at 15% or less of their daytime
usage in electricity. This data is then used by building operators to take corrective actions on
the issues that are discovered, thereby saving energy and cost.

Most modern Direct Digital Controls (DDC) systems have integrated demand limiting
strategies built into them. The information from a pulse meter could be fed into and
displayed by the front end controls system. As a building operator monitors the HVAC and
electrical equipment via the controls computer, they can also view the building’s energy
consumption in real time. In order to avoid demand penalties a building operator can employ
a strategy known as demand limiting stagger starting equipment, changing setpoints, turning
off non-essential equipment or cycling large equipment in order to manipulate and reduce any
instantaneous demand level set by the building. This results in utility peak savings that
results in bill savings as well as reduces the stress on the utility infrastructure. Demand
limiting can also be programmed into the DDC system to automatically make demand
limiting measures during certain periods defined by the building operator.

3.3.2.2. Benefits, Costs and Savings Potential

Effectively metered data can be used for a number of different purposes. It can be used to
troubleshoot and identify equipment operating and control issues. It can be used to create
energy usage accountability within an organization. Those operations that are more energy
intensive can be budgeted accordingly to create the strongest fiscal position for the
organization. The metered data can be used for trending and forecasting of energy usage.
Energy costs are one of the fastest growing costs for businesses and government operations.
Historical data and trends give them the ability to forecast usage and costs for more effective
future budgeting.

Costs for advanced metering and monitoring range from no cost in-house analysis of energy
bills to several hundred thousands of dollars for multiple meters per building at large
campuses with DDC controls interfaces and analysis software. A simple system of a few
sub-meters, an information network and data interface could be installed on a small campus
of building for as little as $5,000 to $10,000. For large campuses that spend millions of
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dollars per year in energy a $250,000 advanced metering program may be appropriate. A
system could be installed to start small and have meters, software and capability added as
time goes on and funding becomes available.

Recent studies by major universities and metering companies suggest the typical savings
potential for a campus to have an advanced metering system is installed could be as high as 5
to 20% of their current utility budget. This does not produce a true cost/payback because the
metered data does not directly produce savings. The actions from the decisions made using
the data are what drive the savings. An elaborate and expensive metering system could be
installed, but if personnel are not trained and empowered to use the data to make
improvements no savings will be realized. The upside of a well managed advanced metering
system is generally financially attractive but the savings potential will not be known until the
system is installed and opportunities can be identified.

The following chart (Table 3.3-1) outlines the metering situations at the State campuses
where advanced metering and monitoring may provide the greatest value.

Table 3.3-1
Significant | Utilities
Campus Agency | Buildings | Consumed | Existing Metering Situation | Metering Recommendation
There is only one master meter Install pulse electric meters and
only ; condensate meters on each
for electricity. There is nomeans |_ . . L
Electric, |for metering steam usage at significant bundmg.' Install
Steam individual buildings. There is no propane and fuel oil meters on the
Veterans Home MVA 5 ’ - ) central plant tanks. Install a front
Propane, |fuel oil or propane meter - the - .
- ; end metering analysis tool to
Fuel Oil |only measure of usage is how : ’
.. | compile usage data and provide
many gallons they purchase to fill h d hs for in-h
the tank periodically charts and graphs for in-nouse
) analysis.
Install pulse electric meters and
| here is ony one master meter | CERERRE RERE G ¢ e
South Dakota Electric, |for electricity. There is no means gd ' QI] . |
School of Mines BOR 12 Steam for metering steam usage at end metering analysis tool to
L o compile usage data and provide
individual buildings. .
charts and graphs for in-house
analysis.
Install pulse electric meters and
There is only one master meter c_oangnsatle; n_”llgFers on ealtl:h .
. Electric for electricity. There is no means signi |cant_ uilding. !nsta a front
Black Hills State | BOR 7 St ’ for metering steam usage at end metering analysis tool to
eam L g ste 9 compile usage data and provide
individual buildings. .
charts and graphs for in-house
analysis.
Install pulse electric meters and
There is only one master meter condensate meters on each
South Dakota Electric for electricity. There is no means |significant building. Install natural
State DOC 20 Steam '’ |for metering steam usage at gas meters at each boiler. Install
Peni . | ! individual buildings. There is only |a front end metering analysis tool
enitentiary Natural Gas |4 single natural gas meter serving |to compile usage data and
the entire campus. provide charts and graphs for in-
house analysis.
Electic, |11 oM ore raster meter |t pule lectc eters
SZZ?OI for the BOR 3 Na?;?;néas for metering steam usage at significant building. Install natural

individual buildings. There is only

gas meters at each boiler. Install
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Significant | Utilities
Campus Agency | Buildings | Consumed | Existing Metering Situation | Metering Recommendation
a single natural gas meter serving |a front end metering analysis tool
the entire campus. to compile usage data and
provide charts and graphs for in-
house analysis.
Install pulse electric meters and
There is only one master meter cpnq;_ensatt% ”.'ﬁ?ers ?n ?al‘fh font
State Training DOC 10 Electric, |for electricity. There is no means er?(;“nlwceatgrinu' |ng|]. 'n? al ta ron
School Steam for metering steam usage at . g analysis tool to.
individual buildings. compile usage data ar_ld provide
charts and graphs for in-house
analysis.
Install pulse electric meters and
There is only one master meter c_onc_iensate meters on each
pevelopmental | DHS | 17 | Electio |forclecticy. Thereis iomeans | SR (15 O
Steam for metering steam usage at h .
Center individual buildings. compile usage data ar_ld provide
charts and graphs for in-house
analysis.
Install pulse electric meters and
There is only one master meter Cpn(_j;_ensat% rr_lﬁ?ers ?n ealfh .
Dakota State BOR 13 Electric, |for electricity. There is no means er?(;"r:eaginglar:r;?ysigigil ?0 ront
University Steam fo(rj_mgterllr;)g .sktje.am usage at compile usage data and provide
individual bulldings. charts and graphs for in-house
analysis.
3.3.2.3. Additional Metering Considerations

There are some additional elements to consider when installing an advanced metering and
monitoring system that must be factored in. Certain utilities can be monitored in different
ways. For example, on a campus with a central steam boiler plant that uses natural gas as a
fuel source there are a number of different ways that heating could be metered. A natural gas
meter could be installed at the boiler plant but that would only show the total usage of plant
not individual building. Steam meters could be installed at each building that could be
converted but steam meters are high cost and maintenance intensive although they would give
the best active feedback. Condensate meters at each building would be less expensive, be
less maintenance but since condensate flows in spurts as the condensate receivers fill and
evacuate they do not give effective active feedback in short time intervals. All of these
scenarios need to be considered and the ultimate goals and savings potential of the system in
order to install the most appropriate and cost effective system.

An advanced metering and monitoring system is an investment in the value of the property.
Meters need to be maintained and calibrated to provide good feedback for building operators.
Building operators need to stay engaged with the metering and monitoring systems and
actively use the data as a tool. The system and those who use it properly can effectively
improve building, reduce energy consumption, reduce costs and improve the bottom line for

the operation.
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3.4 State Guidelines

Energy consumption is anticipated to continue to grow as the State of South Dakota continues to
grow. A major culture shift is required in the State to recognize that the cost of energy is increasing
dramatically as energy demand continues to grow. This can be accomplished by developing an
Energy Conservation and Awareness program to:

e Establish regional guidelines for:

0 Temperature set-points;

o Personal appliances guidelines (personal space heaters, refrigerators, microwaves, etc.);

0 Behavioral expectations (turning lights off, not opening windows, not propping doors
open, not covering HVAC vents, turning computers/monitors off when not in use,
dressing appropriately for the weather, etc.)

0 Occupant comfort and maintenance guidelines (how to inform maintenance staff if
uncomfortable due to space temperatures, humidity, faulty equipment, etc.);

e Create competition and recognition programs to recognize State employees that are assisting
the State to move towards increased energy efficiency since it is well proven that energy
savings can be generated by establishing friendly competition between campuses and
agencies. Simple awards and recognition will lead to substantial savings by motivating
building occupants to be more energy conscious.

o When procuring new leased space, the State should encourage the private sector to adopt
green building standards by striving to lease facilities that meet the same standards as those
required for new State construction. These preferences should also be considered in
approving extensions of current leases.

34.1 LEED Implementation Guide

It is recommended that consideration be given to additional requirements for compliance with the
LEED energy performance, measurement and verification and enhanced commissioning credits.
This would require projects to achieve LEED credits that will support energy efficiency and
energy management during building operation. Specifically, these credits may include Energy &
Atmosphere credit 5 for a Measurement & Verification program, and additional point
requirements for Energy & Atmosphere credit 1, Optimize Energy Performance.

3.5 Renewable Energy Generation

Renewable energy generation systems convert sunlight, wind or water energy to heat or electricity
which can be used by building systems in State facilities. In distributed generation applications,
renewable systems can provide exceptional benefits when installed at the point of use. Distributed
generation means the generation system is installed at, or adjacent to, the building to deliver the
generated energy with minimal transmission losses. This locally generated energy reduces the amount
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of energy required from utilities and other sources,

which reduces the total amount of fuel consumed

to generate energy, reducing associated emissions and providing cost savings through demand

reductions.

Three general types of renewable energy systems were considered for the Energy Master Plan: flat
plate photovoltaic, single axis tracking flat plate photovoltaic, and wind turbines (small capacities
with tower height less than 100 feet, and larger capacities with tower height great than 100 feet.).

Installations of renewable energy systems were
evaluated for 11 State agencies receiving WAPA
allocations of electric service. The forecasts of
annual performance of the renewable energy
systems were based on reviews of product
literature, solar resource map from the National
Renewable Energy Laboratory, local wind data
(NREL, NOAA and South Dakota Wind Resource
Assessment Network) and public domain software

The contracts for electric allocations from
WAPA (Western Area Power Administration)
are generally considered to be total
requirements contracts. Entities receiving
electric service are not allowed to install
generating capacity or sign other contracts
to reduce or avoid delivery and purchase of
electricity from WAPA. However, the WAPA
contract does include a provision for
accommodating energy conservation
programs and renewable energy systems.

such as PVWATTS and RETScreen. The blended cost of electricity ($/kWh) and expected annual
average wind speed (tower height of 50 meters) for each agency is shown in the following Table

3.5.1.
Table 3.5-1

WAPA kW Blended Rate Average Wind

State Institution Allocation $/kWh Speed (MPH)
Northern State University 2,095 $0.028 16
Black Hills State University 1,510 $0.045 14
South Dakota Developmental Center 998 $0.030 16
School of Mines and Technology 2,245 $0.042 15
Human Services Center 1,696 $0.030 15
South Dakota State Penitentiary 1,711 $0.031 15
South Dakota State University 7,983 $0.034 15
Mike Durfee State Prison 998 $0.029 15
University of South Dakota 6,486 $0.033 15
Capital Complex 3,921 $0.034 15
Dakota State University 1,497 $0.032 15

The relative viability of the renewable energy systems are compared on the basis of simple
payback period. The avoided annual expense is the product of annual electric generation (kWh)
and local price of electricity ($/kWh). A shorter payback period represents a more attractive
capital investment. A maximum acceptable payback period is a reflection of the business

objectives of the organization, reflecting considerations for competing uses of capital resources,

cost of capital, and potential operating risks. Yet typically a simple payback period should never

exceed the expected service life of the system or equipment being considered.
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35.1 Photovoltaic Systems

Photovoltaic systems use sunlight to produce electricity. Based on the available solar resource,
the annual potential electric generation of a fixed plate 1 kW photovoltaic system ranges from
1,296 kWh at Brookings to 1,408 kwh at Rapid City. The estimated capital cost of such a system
is $7,975. The simple payback period ranges from approximately 129 years for an installation at
Black Hills State University to 215 years for an installation at Northern State University. The
annual kWh generation is essentially equivalent if installed at Northern State University or Black
Hills State University. The wide divergence in simple payback period is attributable to the
blended cost of electricity: $0.028/kWh at Northern State University and $0.045/kWh at Black
Hills State University.

A similar trend is observed with the single axis tracking photovoltaic system. Annual generation
varies little across the potential locations: 1,665 kWh to 1,831 kWh. The simple payback period
ranges from approximately 132 years to 221 years, again if located at Black Hills State University
or Northern State University.

The expected avoided annual expense is not sufficient to pay back the capital investment within
the expected service life of a photovoltaic system, about 20 years. Therefore if photovoltaic
projects are being evaluated solely on the basis of cost savings, these projects should not be
pursued. However, photovoltaic systems provide other benefits in addition to cost savings,
including:

¢ Reduced peak power loads, since photovoltaic systems typically produce the most energy
during periods of peak power load;

e Reduced transmission and distribution expenses, when the system is installed near the
building where the electricity will be used;

e Improved grid reliability is realized once distributed generation systems become more
common, which will reduce the strain on the electric grid;

o Control utility costs, since electric generation does not depend on the cost of fuel;

o Reduced emissions, since electricity is generated without fossil fuels.

3.5.2 Wind Systems

South Dakota has notable resources that can support the development of wind energy. However,
small wind systems (less than 50 kW and tower height less than 100 feet) and large wind systems
(greater than 250 kW and tower height greater than 100 feet) generally do not represent an
effective of use of capital for reducing reliance on traditional energy sources at the selected State
agencies. This is due to the low price of electricity under the WAPA allocation that does not
provide an expense basis sufficient to justify the capital investment in wind energy.

State of South Dakota Page 62 of 590
Statewide Energy Auditing for Energy Master Plan December 1, 2009
Sebesta Blomberg Project 653004.00



@ SEBESTA
BLOMBERG

Statewide Prioritization Plan

Again, the expected avoided annual expense is not sufficient to pay back the capital investment

within the expected service life of a wind system. Therefore if wind projects are being evaluated
solely on the basis of cost savings, these projects should not be pursued. However, wind systems
provide other benefits in addition to cost savings, including:

e Reduced peak power loads, since wind systems typically produce the most energy during

periods of peak power load,;

e Reduced transmission and distribution expenses, when the system is installed near the

building where the electricity will be used;

e Improved grid reliability is realized once distributed generation systems become more

common, which will reduce the strain on the electric grid;

o Control utility costs, since electric generation does not depend on the cost of fuel,

¢ Reduced emissions, since electricity is generated without fossil fuels.

3.5.3

Summary of Results

The following tables (Table 3.5-2 thru 3.5-12) provide a summary of expected annual generation,
the associated annual avoided expense, capital cost and simple payback period for photovoltaic
systems and wind energy systems for each selected agency and location.

Northern State University, Aberdeen

Blended Electric Rate:$0.028/kWh

Black Hills State University, Spearfish

Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (kWh/yr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,322 $37.02 $ 7,975 2154
Single Axis Tracking 1.0 1,713 $47.96 $10,600 221.0
Small Wind
100’ Tower 10.0 24,400 $683 $53,500 78.3
80" Tower 20.0 33,300 $932 $86,400 92.7
100’ Tower 50.0 144,650 $4,050 $ 195,000 48.1
Large Wind
165’ Tower 350.0 811,000 $ 22,708 $ 658,800 29.0
260’ Tower 2,100.0 5,685,000 $ 159,180 $ 4,715,000 29.6
Table 3.5-2

Blended Electric Rate:$0.045/kWh

Energy Annual Simple

Size Generated Avoided Installation Payback
Technology (kW) (kWh/yr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,375 $ 85.25 $ 7,975 128.9
Single Axis Tracking 1.0 1,789 $110.92 $10,600 131.7
Small Wind
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Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (kWh/yr) Expense Cost (Years)
100’ Tower 10.0 14,700 $ 911 $53,500 80.9
80’ Tower 20.0 22,100 $ 1,370 $86,400 86.9
100’ Tower 50.0 106,500 $ 6,603 $ 195,000 40.7
Large Wind
165’ Tower 350.0 661,000 $ 40,982 $ 658,800 22.1
260’ Tower 2,100.0 4,633,000 $ 287,246 $ 4,715,000 22.6
Table 3.5-3

South Dakota Developmental Center, Redfield

Blended Electric Rate:$0.030/kWh

School of Mines and Technology, Rapid City

Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (kWh/yr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,329 $ 87.71 $ 7,975 200.0
Single Axis Tracking 1.0 1,713 $113.06 $10,600 206.3
Small Wind
100’ Tower 10.0 24,400 $ 1,610 $53,500 73.1
80" Tower 20.0 33,300 $ 2,198 $86,400 86.5
100’ Tower 50.0 144,650 $ 9,547 $ 195,000 44.9
Large Wind
165’ Tower 350.0 811,000 $ 53,526 $ 658,800 27.0
260’ Tower 2,100.0 5,709,000 $ 376,794 $ 4,715,000 275
Table 3.5-4

Blended Electric Rate:$0.042/kWh

Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (kWhlyr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,408 $92.93 $ 7,975 134.9
Single Axis Tracking 1.0 1,831 $120.85 $10,600 137.8
Small Wind
100’ Tower 10.0 20,800 $ 1,373 $53,500 61.2
80’ Tower 20.0 27,300 $ 1,802 $86,400 75.4
100’ Tower 50.0 125,500 $ 8,283 $ 195,000 37.0
Large Wind
165’ Tower 350.0 805,000 $ 53,130 $ 658,800 19.5
260’ Tower 2,100.0 5,646,000 $ 372,636 $ 4,715,000 19.9
Table 3.5-5
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Human Services Center, Yankton

Blended Electric Rate:$0.030/kWh

Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (KWh/yr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,353 $ 43.30 $ 7,975 196.5
Single Axis Tracking 1.0 1,742 $ 55.74 $10,600 202.8
Small Wind
100’ Tower 10.0 20,800 $ 666 $53,500 85.7
80" Tower 20.0 27,300 $ 874 $86,400 105.5
100’ Tower 50.0 125,500 $ 4,016 $ 195,000 51.8
Large Wind
165’ Tower 350.0 805,000 $ 25,760 $ 658,800 27.2
260’ Tower 2,100.0 5,646,000 $ 180,672 $ 4,715,000 27.8
Table 3.5-6
South Dakota State Penitentiary, Sioux Falls Blended Electric Rate:$0.031/kWh
Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (kWh/yr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,310 $ 40.61 $ 7,975 196.4
Single Axis Tracking 1.0 1,683 $ 52.17 $10,600 203.2
Small Wind
100’ Tower 10.0 20,800 $ 645 $53,500 83.0
80" Tower 20.0 27,300 $ 846 $86,400 102.1
100’ Tower 50.0 125,500 $ 3,891 $ 195,000 50.1
Large Wind
165’ Tower 350.0 805,000 $ 24,955 $ 658,800 26.4
260’ Tower 2,100.0 5,646,000 $ 175,026 $ 4,715,000 26.9
Table 3.5-7
South Dakota State University, Brookings Blended Electric Rate:$0.034/kWh
Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (kWhlyr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,296 $ 54.43 $ 7,975 181.0
Single Axis Tracking 1.0 1,665 $ 69.93 $10,600 187.2
Small Wind
100’ Tower 10.0 20,800 $ 874 $53,500 75.7
80’ Tower 20.0 27,300 $ 1,147 $86,400 93.1
100’ Tower 50.0 125,500 $ 5,271 $ 195,000 45.7
Large Wind
165’ Tower 350.0 805,000 $ 33,810 $ 658,800 24.0
260’ Tower 2,100.0 5,646,000 $ 237,132 $ 4,715,000 24.6
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Table 3.5-8
Mike Durfee State Prison, Springfield Blended Electric Rate:$0.029/kWh
Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (kWh/yr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,381 $ 41.43 $ 7,975 199.1
Single Axis Tracking 1.0 1,771 $ 53.13 $10,600 206.4
Small Wind
100’ Tower 10.0 20,800 $ 624 $53,500 88.7
80’ Tower 20.0 27,300 $ 819 $86,400 109.1
100’ Tower 50.0 125,500 $ 3,765 $ 195,000 53.6
Large Wind
165’ Tower 350.0 805,000 $ 24,150 $ 658,800 28.2
260’ Tower 2,100.0 | 5,646,000 $ 169,380 $ 4,715,000 28.8
Table 3.5-9
University of South Dakota, Vermillion Blended Electric Rate:$0.033/kWh
Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (kWhlyr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,330 $ 46.55 $ 7,975 181.7
Single Axis Tracking 1.0 1,698 $ 59.43 $10,600 189.2
Small Wind
100’ Tower 10.0 20,800 $ 728 $53,500 77.9
80’ Tower 20.0 27,300 $ 956 $86,400 95.9
100’ Tower 50.0 125,500 $ 4,393 $ 195,000 47.1
Large Wind
165’ Tower 350.0 805,000 $ 28,175 $ 658,800 24.8
260’ Tower 2,100.0 | 5,646,000 $ 197,610 $ 4,715,000 25.3
Table 3.5-10
Capitol Complex/State Highway Building, Pierre Blended Electric Rate:$0.034/kWh
Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (kWhlyr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,387 $ 45.77 $ 7,975 169.1
Single Axis Tracking 1.0 1,798 $ 59.33 $10,600 173.4
Small Wind
100’ Tower 10.0 20,800 $ 1,643 $53,500 75.7
80’ Tower 20.0 27,300 $ 2,157 $86,400 93.1
100’ Tower 50.0 125,500 $ 9,915 $ 195,000 45.7
Large Wind
165’ Tower 350.0 805,000 $ 63,595 $ 658,800 24.0
260’ Tower 2,100.0 | 5,646,000 $ 446,034 $ 4,715,000 24.6
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Table 3.5-11
Dakota State University, Madison Blended Electric Rate:$0.032/kWh
Energy Annual Simple
Size Generated Avoided Installation Payback
Technology (kW) (kWhlyr) Expense Cost (Years)
Flat Plate Solar PV
Fixed Axis 1.0 1,328 $131.47 $ 7,975 60.7
Single Axis Tracking 1.0 1,706 $168.89 $10,600 62.8
Small Wind
100’ Tower 10.0 20,800 $ 2,059 $53,500 80.4
80’ Tower 20.0 27,300 $ 2,703 $86,400 98.9
100’ Tower 50.0 125,500 $ 12,425 $ 195,000 48.6
Large Wind
165’ Tower 350.0 805,000 $ 79,695 $ 658,800 25.5
260’ Tower 2,100.0 5,646,000 $ 558,954 $ 4,715,000 26.1
Table 3.5-12
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4.0 Campus Overviews by Agency

This section of the report provides the results of the investigations performed over a period of six weeks
from September through October 2009. This section provides a general description of each building that
was analyzed for this study, and provides the summary calculations for each Energy Conservation
Measure (ECM) identified at each State facility.

This section is organized by State Agency, and by campus location. This organization allows for each
agency or each campus location to review the results for their buildings in a standalone portion of the
report. For example, project managers at the Capitol Complex may wish to print only building results
(Section 4.1.1), or representatives with the Bureau of Administration may wish to print results for the
entire agency (Section 4.1).

A necessary reference for this section is Section 5.0 (ECM Descriptions), which describes each ECM
references in this section in greater detail. For example, ECM 5.4.2 is described in Section 5.4.2 as:

Program VED Controls

The air handling unit is equipped with a VFD, but is operating at a fixed speed because the VFD controls
have not been programmed. With programmed controls, the VFD speed would modulate, thus saving fan,
cooling, and heating energy.

Outline Specification:

e Install any controls hardware for the modulation of VFD speeds.

e Program VFD controls.

Implementation Plan: It is anticipated that the equipment manufacturer will be able to update/install the
controls required on the equipment with a walkthrough of the building.

Key Assumptions: The program will allow the VFD speed to modulate based on load.

Impact to Occupants: Improved temperature control in the space.
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Bureau of Administration

4.1 Bureau of Administration

The Bureau of Administration (BOA) serves the citizens and government agencies of South Dakota.
Programs include property management, Records Management, Energy Management, Buildings and
Grounds, Central Supply, Office of the State Engineer and Management. BOA manages all State
owned and leased properties, including South Dakota's magnificent State Capitol.

Within the Bureau of Administration, there are a total of 789,932 square feet of facilities, with the
majority of buildings at the Capitol Complex campus.

BOA Campus Summary.

Square

Campus Location Footage

Capitol Complex Pierre 600,368
Commerce Building Public Safety Pierre 21,349

DCI/ EOC / OAG Facility Pierre 152,700
Record's Management Building Pierre 11,409
Risk Management Building Pierre 4,106

TOTAL 789,932

Energy Profile

In 2008, BOA facilities consumed a combined 101,637 MMBTUs of energy. As the largest campus in
building square footage, the Capitol Complex campus used the most energy. The average Energy Use
Intensity across the BOA was 129 kBTU per square foot for 2008.

BOA Campus Energy Data (MMBTUS).

Campus 2005 2006 2007 2008

Capitol Complex 73,831 81,646 82,283 78,612

DCI/EOC/OAG Facility 4,168 20,846 20,185 19,924

Public Safety Building 2,054 2,078 2,008 2,151

Records Management Building 656 699 678 667

Risk Management Building 328 228 186 283

Grand Total 81,038 105,497 105,341 101,637
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Bureau of Administration
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4.1.1 Capitol Complex

The Capitol Complex in central Pierre is a collection of twelve buildings used for many different
aspects of State government operations totaling 585,000 square feet. Most of the square footage
is office space, but there is also a significant amount of lab space, kitchens and dining facilities,
legislative meeting space, training centers, and museums. The Capitol Complex is the heart of
the State government operation.

Campus Background and List of Facilities

There is a central plant for the Capitol Complex including a steam and chilled water system.
Steam is delivered to the Capitol Building, Visitors Center, Health Administration Building, Foss
Building, Anderson Building, Becker-Hansen and Soldiers and Sailors Building via steam tunnels
and underground steam piping. The central chiller plant delivers chilled water to the Capitol
Building via the steam tunnels. The Foss and Anderson Buildings share a chiller that is located
between them and connected via underground chilled water piping.

Enerqgy Profile

In 2008, Capitol Complex facilities consumed a combined 78,612 MMBTUs of energy. The
average Energy Use Intensity across the campus was 134 kBTU/SF in 2008.
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4.1.1.1. Anderson Building

Building Overview

The Anderson Building is 28,842 square feet. There are approximately 155 occupants on a
regular working day. This building is operated 9 hours per day, 5 days per week. Most of the
building has been renovated to include new windows, roof insulation, and HVAC. The
building is mostly administrative offices and conference rooms.

There are two air handlers serving the Anderson building. A constant volume air handling
unit located in the basement serves only the basement through locally controlled constant
volume bypass boxes. A VAV air handling system located on the third floor and serves the
second and third floors. Both air handlers have heating and cooling coils. The cooling coils
are served by a 210 ton McQuay chiller, which is shared with the Foss building and resides
between the two buildings. The heating coils are served by low pressure steam from the
campus steam system. There are unit heaters in the stairwells and fin tube radiation providing
parameter heating. The HVAC system has primarily pneumatic zone controls with DDC plant
level controls that are connected to the central BAS. Domestic hot water is provided by a
series of electric water heaters. There is a small air compressor for the pneumatic controls and
a condensate pump that returns steam condensate back to the central plant once the heat has
been used.

Office lighting is primarily T-8 fluorescent fixtures. Interior lighting has been recently
retrofitted to 6100 K lamps with electronic ballasts. Some fixtures were de-lamped. Interior
lights are manually controlled. Exit signs are incandescent and fluorescent.

The exterior finish is brick and the interior finish is sheet rock and block. The windows are
double pane with shades. The roof is off-white, flat, and in good condition. There is an
entrance vestibule and the building envelope is fairly well constructed.
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ECM'’s

Previously Implemented ECMs

Bureau of Administration

The lighting has been upgraded to fluorescent T-8 and de-lamped to only the required light
levels in the space. Dump boxes have been converted to VAV. The building envelope has
significantly improved with the replacement of windows. The 210 ton air cooled McQuay
chiller is a high efficiency unit. The roof has recently replaced including improved insulation.

Opportunities for ECMs at Anderson Building
Estimated Estimated Annual Utility Savings
Energy Conservation Measure | Implementation Estimated Simple
ECM (ECM) Cost Demand Natural Gas | Annual Cost Payback
No. (See Note 2) (See Note 1) kw Electric kWh Therms Avoidance Years
Install 25W or 28 W T-8s in Office
51.1 Areas in Lieu of 32W $2,000 3.8 11,765 $400 5.0
5.1.2 | Delamp Multiple Lamp Fixtures $5,000 13,622 $463 10.8
513 L'irésr:fi"r:g'v'o“o“ Sensors to Control $20,000 8.1 70,588 726 $3,000 6.7
5.4.3 | Replace Dump Boxes with VAVs3 $4,600 1.7 20,096 11,596 $10,262 0.4
Replace Electric Hot Water Heater
55.1 with Heat Pumps $7,130 15,306 $520 13.7
Improve Building Envelope -
55.3 Insulation/Exterior $350,000 22,554 5,243 $5,098 68.7
TOTAL $388,730 14 153,932 17,566 $19,743 19.7
Notes Estimated Blended Marginal Rates
1. Estimated implementation cost includes allowance for materials, labor and $ 0.034 /kWh Elec
contractor overheads. $ 0.826 /Therm Gas
2. Other benefits include resolution of operating issues, improved reliability, $ ~ /Gal F_uel Oil
replacement of equipment at the end of its useful service life. $ - Ton Biomass
$ 1.82 /Gal Propane
3. Measure cost accounts for VFD only. Estimated current cost per unit of energy
4. Cost assumes installation by in-house staff. consumption that can be saved through
energy conservation measures.

4.1.1.2. Becker-Hansen Building

Building Overview

The Becker-Hansen Building is the home of the State department of transportation. It is
90,202 square feet with approximately 324 occupants on a regular working day. This
building is occupied 9 hours per day, 5 days per week. The building is primarily
administrative offices, conference rooms, cafeteria, server rooms, and mechanical spaces.

The heating and cooling of the offices and general space is accomplished by six air handlers.
The building has recently undergone many renovations where systems were upgraded or
converted to VAV. The heating coils in the units are served by a pair of 15 hp pumps and a
pair of 7.5 hp pumps that pump heating water converted from the central steam plant.
Cooling coils are served by a 215 ton water-cooled Trane chiller and cooling tower. The two
40 hp chilled water pumps and two 30 hp condenser water pumps are constant volume. The
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Bureau of Administration

Becker-Hansen building has several central data centers that have a constant load and are
cooled by dedicated computer room air conditioning (CRAC) units connected to air cooled
condensers or dry coolers. An elaborate variable speed packaged dry cooler system outside
the building in an equipment yard provides efficient cooling to the new CRAC units installed
in the building. The HVAC system has DDC controls and is connected to the central BAS
that has replaced old pneumatic controls. Domestic hot water is provided by electric

resistance hot water heaters.

Office lighting is primarily T-8 strip lighting and compact fluorescents. Some hallways are
lit to as high as 76 foot-candles. Interior lights are manually controlled. Exit signs are
fluorescent. Fluorescent T-12s illuminates many back of the house areas.

The exterior finish is brick and precast concrete. The interior finish is sheet rock and brick.
The windows are double pane and tinted. The roof is black, flat, and is in fair condition.
There is an entrance vestibule for the high traffic entrance. The building envelope has
adequate insulation on the roof and limited insulation in the walls.

ECM’s

Previously Implemented ECMs

As part of a multi-phase renovation project, the building has received significant HVAC and
DDC upgrades, all of which are improvements to the energy efficiency of the building. This
renovation also included exterior wall insulation, new insulated roofs, new electrical service
and branch circuits. New computer room cooling units utilize variable speed controls, dry-
coolers and free-cooling strategies wherever possible. The new air handling systems are
variable speed and have improved controls capabilities to optimize the systems and improve

comfort while using less energy.

Opportunities for ECMs at Becker Hanson Building
Estimated Estimated Annual Utility Savings
Energy Conservation Measure | Implementation Estimated Simple
ECM (ECM) Cost Demand Electric |Natural Gas [ Annual Cost | Payback
No. (See Note 2) (See Note 1) kW kWh Therms Avoidance Years Notes
Install 25W or 28 W T-8s in
511 Office Areas in Lieu of 32W $5,750 9.5 29,412 $1,000 5.7 4
Install 25W or 28 W T-8s in
5.1.1 Office Areas in Lieu of 32W $5,750 9.5 29,412 $1,000 5.7 4
5.1.2 | Delamp Multiple Lamp Fixtures $0 14.0 43,344 $1,474 0.0 4
Install Motion Sensors to
5.1.3 Control Lighting $16,680 34,056 $1,158 14.4
5.1.7 |Retrofit T-12 Fixtures with T-8s $1,580 1.2 368 $13 126.1 6,9
5.2.1 | Full Retrocomissioning and $50,000 26.9| 235204 2,421 $10,000 5.0
Balancing Study
5.3.3 | Install VFDs on Hydronic $31,860 92,487 $3,145 101 357
Pumps
Install VFDs on Oversized
5.3.12 Chiller/Condenser Pumps $39,560 38.7 122,895 $4,178 9.5 8,9
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Opportunities for ECMs at Becker Hanson Building

Building Overview

Estimated Estimated Annual Utility Savings
Energy Conservation Measure | Implementation Estimated Simple
ECM (ECM) Cost Demand Electric |Natural Gas [ Annual Cost | Payback
No. (See Note 2) (See Note 1) kW kWh Therms Avoidance Years Notes
5.4.6 | Replace Chiller with Magnetic $100,800 161.3| 137,413 $4,672 216
Bearing Technology
Replace Cooling Tower at the
5.4.7 |End of Its Useful Life $29,000 11.8 72,890 $2,478 11.7
Expectancy
Replace Electric Hot Water
55.1 Heater with Heat Pumps $13,110 30,612 $1,041 12.6
556 Insta!l Timers on Snack Vending $120 1,752 $60 20 4
Machines
TOTAL $288,460 263 800,523 2,421 29,218 9.9
Notes Estimated Blended Marginal Rates
1. Estimated implementation cost includes allowance for materials, labor and $ 0.034 /kWh Elec
contractor overheads. $ 0.826 /Therm Gas
2. Other benefits include resolution of operating issues, improved reliability, $ - [Gal Fgel Oil
replacement of equipment at the end of its useful service life. $ - Ton Biomass
$ 1.82 /Gal Propane
3. Measure cost accounts for VFD only. No motor. Estimated current cost per unit of energy
4. Costs assumes installation by in-house staff. consumption that_can be saved through
5. Heating water pumps (7.5 HP pair and 15 HP pair). energy conservation measures.
6. Penthouse lighting.
7. Costincludes replacent of 3-way valves with 2-way.
8. VFDs installed for balancing purposes Ths project has been approved for ARRA
funding.
4.1.1.3. Bureau of Administration

The Bureau of Administration Building is 1,496 square feet. There are approximately 11
occupants in the building on a regular working day. This building is occupied 9 hours per
day, 5 days per week. The building was once a church but has been converted to office space
and is mostly administrative offices and conference rooms.

Two 1000 BTUH high efficiency, gas fired heating and DX cooling, forced air residential
style furnaces provide heating and cooling for the building. There is no direct means of
bringing in outside air into the building and C02 reading was 1125 ppm. The building does

have central air conditioning with two dedicated condensing units for the two furnace

evaporator coils. The HVAC is controlled by a simple thermostat that cannot be programmed.
Domestic hot water is provided by an electric water heater.

Office lighting is primarily T-8 strip lighting. Interior lights are manually controlled. Exit

signs are fluorescent.
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Bureau of Administration

The exterior finish is brick and the interior finish is sheet rock and block. The windows are

single paned with shades. The roof is pitched with tan-colored shingles and is in fair
condition. There is limited insulation in the walls and roof.

ECM’s

Previously Implemented ECMs

The high efficiency gas furnaces are up to 95% efficient.

Opportunities for ECMs at Bureau of Administration Building
Estimated Estimated Annual Utility Savings
Energy Conservation Implementation Estimated Simple
ECM Measure (ECM) Cost Demand | Electric | Natural Gas | Annual Cost | Payback
No. (See Note 2) (See Note 1) kw kWh Therms Avoidance Years
Install 25W or 28 W T-8s in Office Areas
511 i Lieu of 32W $200 0.7 2,136 $73 2.8
5.1.3 | Install Motion Sensors to Control Lighting $460 681 $23 19.9
5.2.1 ;ﬂgfetrocom'ss'on'”g and Balancing $10,000 0.5 4,706 48 $200 50.0
532 grogrammable Thermostats for Residential $690 399 113 $107 6.4
tyle Units
5.5.3 | /mprove Building Envelope - $75,000 3,000 813 $774 96.9
Insulation/Exterior
5.5.4 | Improve Building Envelope - Windows $35,000 2,820 577 $573 61.1
TOTAL $121,350 1 13,742 1,552 1,749 69.4
Notes Estimated Blended Marginal Rates
1. Estimated implementation cost includes allowance for materials, labor and $ 0.034 /kWh Elec
contractor overheads. $ 0.826 /Therm Gas
2. Other benefits include resolution of operating issues, improved reliability, $ ~ /Gal F_uel Oil
replacement of equipment at the end of its useful service life. $ - Ton Biomass
$ 1.82 /Gal Propane
Estimated current cost per unit of energy
consumption that can be saved through
energy conservation measures.
4.1.1.4. Capitol Building
Building Overview
The Capitol Building was originally constructed in 1910 and had an Annex section added in
1940.The building is 141,152 square feet and is comprised of administrative offices,
legislative chambers, State Supreme Court judicial offices and chambers, cafeteria, and server
rooms. Approximately, 275 personnel work in the Capitol Building on a typical12 hours a
day, 5 days a week schedule. When the legislature is in session the number of personnel in
the building grows to 500 and the schedule is 12-16 hour days for selected areas of the
building.
Steam from the central plant is used for heating in the air handler heating coils and perimeter
radiators. Chilled water from the central plant is used for cooling in air handlers and fan coil
units. Once through water is also used for two heat pumps. The building has several data
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Bureau of Administration

centers located in the lower level. Each has its own dedicated CRAC cooling unit. The
CRAC units are either DX or glycol and have either a dry cooler or air cooled condenser
located outdoors. The fourth floor of the building was recently renovated where new VAV
air handling units were installed along with a converter for hot water heat. Also, the unit
serving the State Treasurer offices is also a new VAV air handling unit. All other air
handlers are constant volume units. The Capitol building is on a capitol campus wide
building automation system (BAS).

The BAS is a combination on pneumatic, electric, and DDC controlled devices. Each
building in the Capitol Complex has a Honeywell controller that communicates with the
central monitoring station. Domestic hot water is provided by several electric resistance water
heaters. There are several additional pieces of support equipment that use significant amount
of energy including air compressors, condensate pumps and vacuum pumps.

While most lighting in office areas has been converted to fluorescent T-8, the building has a
large number of T-12 strip lighting primarily in the basement. Most of the lighting in the
building is controlled by manual wall switches. The common areas of the Capitol Building
are lit by compact fluorescent globe fixtures. The common area lighting remains on 24/7.
The rotunda is illuminated by incandescent lamps. The dome is lit by metal halide monument
lights. The grounds of the Capitol Building are lighted by approximately 200 high pressure
sodium street lights. All exterior lights for the Capitol complex is controlled by photocells.
There is a mixture of LED, fluorescent and incandescent exit signs.

The exterior finish is stone, brick, pre-cast concrete and metal wall panel. The interior finish
is concrete, brick and sheet rock. The office areas have double pane, operable windows with
shades. The roof is off white over the legislative chambers. In addition to flat roof the
building has a dome. There are entrance vestibules and the building envelope is fairly well
constructed. Any modifications or improvement made to the exterior of the capitol building
cannot alter or disturb the historic quality of the building.

ECM'’s

Previously Implemented ECMs

Lighting has been upgraded to fluorescent T-8s. Computer room cooling units utilize glycol
free-cooling strategies in many instances. Lighting in the common areas has been upgraded to
compact fluorescent.
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Opportunities for ECMs at Capitol Building

Estimated Estimated Annual Utility Savings
Energy Conservation Measure | Implementation Estimated Simple
ECM (ECM) Cost Demand Electric |[Natural Gas [ Annual Cost | Payback
No. (See Note 2) (See Note 1) kW kWh Therms Avoidance Years Notes
Install Motion Sensors to
5.1.3 Control Lighting $18,860 28,576 $972 194
5.1.7 |Retrofit T-12 Fixtures with T-8s $111,550 51.4 254,665 $8,659 12.9
Replace Incandescent Lamps
5.1.8 with Compact Fluorescent $22,770 19.3 59,598 $2,026 11.2
5.1.9 |Install Scheduling Control of $1,270 .| 151,704 $5,158 0.2
Lighting
SR s ecemEsniielen $65,000 336| 294,118 3,027 $12,500 5.2
Balancing Study
Replace AHUs At the End of
544 Their Useful Life Expectancy $479,670 103.7 255,684 99,634 $90,991 5.3
Centralize Cooling Systems with
5.4.10 Chilled Water Plant $182,970 186.5 186,274 $6,333 28.9
Replace Electric Hot Water
551 Heater with Heat Pumps $43,700 102,039 $3,469 12.6
TOTAL $925,790 394| 1,332,657 102,661 130,108 7.1
Notes Estimated Blended Marginal Rates

contractor overheads.

1. Estimated implementation cost includes allowance for materials, labor and

2. Other benefits include resolution of operating issues, improved reliability,
replacement of equipment at the end of its useful service life.

$ 0.034 /kKWh Elec

$ 0.826 /Therm Gas

$ - /Gal Fuel Oil
$ - Ton Biomass
$ 1.82 /Gal Propane

3. Relates to getting the remainder of the DX units onto the central chilled water
plant. Cost assumes concurrent installation with 5.4.2 utilizing the existing
plant.

energy conservation measures.

Estimated current cost per unit of energy
consumption that can be saved through

Senate floors.

5. Ths project has been approved for ARRA funding.

4. Relates to installing circuit timclocks on the lighting above the State House and

4.1.1.5. Capitol Lake Plaza

Building Overview

The Capitol Lake Plaza Office Building, located at 711 E. Wells Avenue, Pierre, South Dakota, was
constructed in the early 1970’s. A two story addition was completed in the mid 1980’s. The building is
about 30,000 square feet. The building is currently being renovated and is anticipating a LEED Silver
or Gold rating. This building was not investigated at the direction of OSE.

4.1.1.6.

Building Overview

Central Plant / WWII Visitor's Center

The Visitor’s Center is 4,067 square feet. Typically, occupancy is variable and heavier
during the legislative session. This building is operated 9 hours per day, 7 days per week.
The building is mostly for displaying historical information of the war memorials. The
central plant located below the Visitor’s Center houses the main steam plant and the chiller
plant for the Capitol Building. The building construction is made up of block and brick.
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In the Visitor’s Center, hot water fin tube radiation provides the heating for the center.
Cooling is provided by a 10 ton DX constant volume air handler. The HVAC system has
pneumatic controls and is tied into the central BAS.

Fluorescent T-8 and T-12 lighting is installed throughout the Visitor’s center and the Central
Plant. Interior lights are manually controlled. Exit signs are a mixture of fluorescent and
incandescent.

The central plant steam is driven by two 400 hp boilers. Both boilers are configured to burn
#6 fuel oil and natural gas. The cost for #6 fuel oil is less than natural gas and #2 fuel oil
but it is difficult to work with, maintain and to keep the boilers operating efficiently. For this
reason the #6 fuel oil is currently planned for natural gas conversion. Condensate is typically
returned to the plant at 160 to 180 degrees F. and is handled by a duplex condensate handling
system. Boiler plant staff report good steam trap integrity and very little make-up water
required for the system.

A chiller serving the capitol building is located in the central plant as well. Three existing
chillers and seven air cooled condensing units were replaced in 2005 with a single high
efficiency magnetic bearing chiller that has increased the cooling capacity by capturing
diversity while dramatically reducing electric consumption. The chilled water and condenser
water systems that reject heat and distribute cooling are constant speed. A cooling tower with
a variable speed fan serves the chilled water system. Controls for the chilled water and boiler
plant are DDC and are tied into the central campus BAS system.

ECM’s

Previously Implemented ECMs

The boilers have improved efficiency with conversion to natural gas from #6 fuel oil. The
chiller plant has improved efficiency by installing magnetic bearing compressors.

Opportunities for ECMs at Central Plant / WWII Visitors Building
Estimated Estimated Annual Utility Savings
Energy Conservation Implementation Estimated Simple
ECM Measure (ECM) Cost Demand Electric [Natural Gas | Annual Cost | Payback
No. (See Note 2) (See Note 1) kW kWh Therms Avoidance Years | Notes
5.1.7 |Retrofit T-12 Fixtures with T-8s $350 0.2 632 $21 16.3
Full Retrocomissioning and
521 Balancing Study $12,000 11 9,412 97 $400 30.0 3
Install VFDs on Hydronic
5.3.3 PUMps $11,730 36,839 $1,253 9.4
Btz || T PR $819,348 66,588 29 $38,668 2L 3
Efficiency Boilers
