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ABSTRACT
This paper presents a web-based software for designing
optimal central utility plants. This tool can receive userdefined load profiles or generate typical load profiles
based on user-specified combination and areas of 16
reference building types. The software then solves a
linear-programming optimization comprising 8760 sets
of equations and constraints to design central plant
configurations with minimal first cost, operating cost,
life-cycle cost, energy use, or marginal carbon
emissions. The tool also calculates simultaneous heating
and cooling loads to evaluate using heat-recovery
chillers, and it can design both hot and cold thermal
energy storage as well as water-side economizers.

NOMENCLATURE
= number
cooling/heating equipment
𝑇𝑐𝑜𝑜𝑙𝑖𝑛𝑔 /𝑇ℎ𝑒𝑎𝑡𝑖𝑛𝑔

of

types

of

Ci = Hourly Cooling Consumed or Generated [kW]
Hi = Hourly Heating Consumed or Generated [kW]
E = Electricity
Ei = Hourly Electricity Consumed or Generated [kW]
G = Natural Gas
Gi = Hourly Natural Gas Consumed or Generated [kW]
Pi = Hourly Price [$/kW]
h or i = Hour (range: [1, 8760])
m = Month (range: [1, 12])
t = Integer representing each cooling or heating
technology type (HRC, ASHP, Chiller, etc.)
ASHP = Air-Sourced Heat Pump
𝑡𝑖𝑒𝑟 = denotes off-peak, mid-peak, peak, and normal
periods during each month per the electricity tariff
structure
cap = capacity [kWh]
𝐶𝐴𝑃𝐸𝑋𝑡 = Capital Expense for equipment of type t [$]
COP = Coefficient of Performance
EC = Electric Chiller

𝐺𝑟𝑖𝑑𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐸ℎ = Hourly emission of electric grid [kg
CO2_eq/kW]
𝐺

𝐺𝑟𝑖𝑑𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 ℎ = Hourly emission of natural gas grid [kg
CO2_eq/kW]
HRC = Heat-Recovery Chiller
NPV = Net Present Value [$]
TES = Thermal Energy Storage
SOC = State of Charge [kWh]
WSE = Water-Side Economizer
𝜂𝐶𝐴𝑃𝐸𝑋 = User-defined factor for converting equipment
cost into initial capital expenses
𝜂𝑂𝑃𝐸𝑋 = User-defined factor for converting fuel expenses
into operational expenses

INTRODUCTION
For master planning projects, one of the key questions
for the design team at the conceptual design phase is
whether a district energy plant is needed and what the
best combination of technologies (heat recovery chiller,
thermal energy storage, air source heat pump, etc.) are to
use for achieving the project goals, e.g. minimizing
source energy, life cycle cost, or operational carbon
emissions. Some tools are designed to provide limited
insights on selecting a set of thermal/electrical supply
technologies at a high level, e.g. SAM (Blair et al. 2014),
PVWatts (Dobos 2014), and ReOpt (Simpkins et al.
2014), also some frameworks have been developed for
this purpose as studied by Snoek et al. (2002), Rezaie
and Rosen (2012), and Best et al. (2019). However, these
tools and frameworks mostly act as recommendation
systems with high-level optimization capabilities: they
lack an integrated approach to detailed design of both
cooling and heating supply equipment. Further, the
optimization done in these tools mostly concerns
minimizing life-cycle cost of equipment. Hence,
currently no tool in the market can easily answer the
mentioned question for the design team.
This paper introduces a design and optimization tool for
central utility plants (CUP) incorporating cooling and
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heating supply systems as well as thermal energy
storage. This tool has 3 pre-defined central plant
configurations: The first one is a business as usual
“electric-chiller + gas-boiler” configuration, the second
one is “heat-recovery-chiller + electric-chiller + gasboiler”, and the third one is an all-electric “heat recovery
chiller + electric-chiller + air-sourced heat pump” to
represent the all-electric design as a crucial approach to
creating low-carbon built environments. Thermal energy
storage can be included on top of all the 3 central plant
options. Users can choose any of the configurations or
all of them to be analyzed and optimized, and then
compare the performance of the selected scenarios with
a distributed (building by building) heating/cooling
system.
Figure 1 presents a screenshot of the analysis panel in the
tool to demonstrate the type of analysis the tool could
accomplish. Figure 2 shows a sample output graph from
the software showing the heating/cooling load profile of
a particular site as well as the overlap between the
thermal loads (indicating the feasibility of using heatrecovery chillers). Figure 3 demonstrates a sample
output graph showing the optimal operation of the CUP
with hourly supply and demand profiles of a sample
scenario. Appendix shows a sample screenshot of part of
the results as viewed in MasterPlanner.

Figure 2. Sample demand plot for hourly heating, cooling,
and domestic hot-water

Figure 3. Sample optimized central utility plant supply and
demand profiles for a sample case study

The introduced tool creates the energy demands imposed
on the CUP based on the configurations of the
development. According to these demands, the program
then calculates the optimal capacities, optimal hourly
generation, and lifecycle performance metrics (e.g.
energy use intensity, marginal carbon emissions,
lifecycle cost) of the supply equipment. The inputs to the
toolbox consist of the following:
1.
2.
3.
Figure 1. A screenshot of the input panel in
MasterPlanner

4.

Location: location of the development used for
obtaining the hourly weather conditions and
regional natural gas price
Development Compactness: compactness of the
development (low, medium, high) which determines
the distribution losses
Demands: cooling, heating, domestic hot-water, and
electricity demands synthesized based on the areas
of building archetypes, or input directly by the user
Analysis Settings: four pre-defined supply side
configurations (one distributed option and three
central plant options), specifications including the
project lifetime, discount rate, social cost of carbon,
first hour and last hour of analysis, scenarios to
analyze, and configurations of the scenarios
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5.

Utility Rate Structure: Electric and natural gas
utility rates and schedule

An innovative feature of this tool is its using hourly
marginal carbon emission factors to optimize the system
capacity and operation instead of using average carbon
emissions (which is common practice in industry). The
following section explains this concept in more detail.
Marginal Carbon Emissions
“Adding an additional unit of electrical demand or
supply to a power grid at a specific place and time
changes the load on the power plants that produce
electricity at that time, otherwise known as the marginal
power plant(s). The specific properties of the marginal
power plant(s), including efficiency and fuel type,
determine the magnitude of the emissions of that plant.”
(DiStefano and Richardson 2019) Variations in demand
have significantly different impacts on the changes in
emissions of the grid due to the temporal and spatial
variety of marginal plants. Figure 4 shows a schematic
diagram of the changes in grid conditions and emissions
throughout the day. The figure shows that the cleanest
time of the day is when renewable generation surpasses
the demand on the grid, and added loads have low or zero
GHG emissions as renewables are curtailed at this
period.

heating, and hot-water demands can be either input
directly by the user, or be synthesized using the typical
demands from 16 different building prototypes (Deru et
al. 2011). The user inputs the areas of each building type
existing in a development to enable the software to
synthesize the loads in the second method. For
operational cost calculations, the software can use a
default hourly utility rate structure or accept user-defined
tariffs.
The software is developed using Flask (Grinberg 2018)
web-development library in Python programming
language (Van Rossum 2007). The back-end
calculations are done mainly using Pyomo (Hart et al.
2017) for optimization, Pandas (McKinney 2011) for
data handling, and Plotly (Sievert et al. 2017) for
visualizations. The front-end user-interface is created
using HTML5 and JavaScript. The following section
details the optimization problem solved by
MasterPlanner to calculate the optimal capacities and
hourly operation of the supply equipment.
Optimization Problem
I. Decision Variables:
The decision variables used in this optimization problem
are listed below.
•

•

•

•

•
Figure 4. Schematic plot of daily changes in grid emissions vs
the total and net loads. Taken from and courtesy of DiStefano
and Richardson (2019)

The proposed tool uses the carbon emissions associated
with marginal plants to evaluate the environmental
performance of the system and optimize the equipment,
as these plants respond to load variations and are
associated with the real grid emissions.

METHODOLOGY
MasterPlanner calculates the optimal capacities and
hourly operation of the supply equipment based on the
demands on the central plant. These hourly cooling,

𝑡
𝐶ℎ𝑡 , 𝐶𝑐𝑎𝑝
| 𝑡 ∈ [1, 𝑇𝑐𝑜𝑜𝑙𝑖𝑛𝑔 ] 𝑎𝑛𝑑 ℎ ∈ [1,8760]: Hourly
cooling generation and capacities of all the Tcooling types
of cooling equipment, in kW
𝑡
𝐻ℎ𝑡 , 𝐻𝑐𝑎𝑝
| 𝑡 ∈ [1, 𝑇ℎ𝑒𝑎𝑡𝑖𝑛𝑔 ] 𝑎𝑛𝑑 ℎ ∈ [1,8760]: Hourly
heating generation and capacities of all the Theating types
of heating equipment, in kW
𝑇𝐸𝑆
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐶ℎ,𝑖𝑛
, 𝐶ℎ,𝑜𝑢𝑡
, 𝐶ℎ,𝑆𝑂𝐶
| ℎ ∈ [1,8760]: Hourly input (in
kW), output (in kW), and state-of-charge (in kW-hr) of
the cold-water storage tanks
𝑇𝐸𝑆
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐻ℎ,𝑖𝑛
, 𝐻ℎ,𝑜𝑢𝑡
, 𝐻ℎ,𝑆𝑂𝐶
| ℎ ∈ [1,8760]: Hourly input (in
kW), output (in kW), and state-of-charge (in kW-hr) of
the hot-water storage tanks
𝑝𝑒𝑎𝑘
𝐸𝑚,𝑡𝑖𝑒𝑟 | 𝑚 ∈ [1,12] 𝑎𝑛𝑑 𝑡𝑖𝑒𝑟 ∈

{𝑝𝑒𝑎𝑘, 𝑚𝑖𝑑𝑝𝑒𝑎𝑘, 𝑜𝑓𝑓𝑝𝑒𝑎𝑘, 𝑡𝑜𝑡𝑎𝑙}: Monthly peak
electricity demand during each usage tier, in kW

II. Objective Function:
The optimization problem solved by the tool can have
three different objective functions: (i) Equation (1)
defines the first type objective function, i.e. lifecycle cost
of equipment, (ii) Equation (2) defines the second type
objective function, i.e. operational marginal carbon
emissions, and (iii) Equation (3) introduces the
combined objective function of lifecycle cost and social
cost of carbon. The tool is also capable of designing the
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equipment for minimal first costs or operational costs
alone.
𝑇𝑐𝑜𝑜𝑙𝑖𝑛𝑔
min 𝑁𝑃𝑉 (∑8760
(𝐸ℎ𝑡 ) ∗
ℎ=1 (∑𝑡=1

𝑝𝑒𝑎𝑘
∑12
𝑚=1( ∑𝑡𝑖𝑒𝑟 (𝐸𝑚,𝑡𝑖𝑒𝑟

o

𝑇𝐸𝑆
𝑇𝐸𝑆
𝐶𝑖,𝑆𝑂𝐶
≤ 𝐶𝑐𝑎𝑝
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐶𝑖,𝑜𝑢𝑡
≤ 𝐶𝑖,𝑆𝑂𝐶

𝑃ℎ𝐸 ) +

𝑇𝐸𝑆
𝑇𝐸𝑆
𝐶𝑖,𝑖𝑛
≤ 𝐶𝑖,max
_𝑖𝑛

∗ 𝑃𝐸𝑚,𝑡𝑖𝑒𝑟 )) +

𝑇ℎ𝑒𝑎𝑡𝑖𝑛𝑔
∑8760
(𝐺ℎ𝑡 ) ∗ 𝑃ℎ𝐺 )) ∗ ηOPEX +
ℎ=1 (∑𝑡=1
𝑇𝑐𝑜𝑜𝑙𝑖𝑛𝑔 +𝑇ℎ𝑒𝑎𝑡𝑖𝑛𝑔
∑𝑡=1
(𝐶𝐴𝑃𝐸𝑋𝑡 ) ∗ 𝜂𝐶𝐴𝑃𝐸𝑋

𝑇𝐸𝑆
𝑇𝐸𝑆
𝐶𝑖,𝑜𝑢𝑡
≤ 𝐶𝑖,max
_𝑜𝑢𝑡
𝑇𝐸𝑆
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐶𝑆𝑂𝐶
≤ 𝐶𝑖,𝑆𝑂𝐶
≤ 𝐶𝑆𝑂𝐶
𝑚𝑖𝑛
𝑐𝑎𝑝
𝑇𝐸𝑆
𝑇𝐸𝑆
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐶𝑖,𝑆𝑂𝐶
= 𝐶𝑖−1,𝑆𝑂𝐶
+ 𝐶𝑖−1,𝑖𝑛
− 𝐶𝑖−1,𝑜𝑢𝑡

(1)

𝑇

𝑇𝐸𝑆
𝑇𝐸𝑆
𝐶1,𝑆𝑂𝐶
= 𝐶𝑆𝑂𝐶
𝑖𝑛𝑖𝑡

o

𝑐𝑜𝑜𝑙𝑖𝑛𝑔
min (∑8760
(𝐸ℎ𝑡 ) ∗ 𝐺𝑟𝑖𝑑𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐸ℎ ) +
ℎ=1 (∑𝑡=1

𝑇

Cold water storage tank (𝑓𝑜𝑟 𝑖 ∈ [1,8760]):

ℎ𝑒𝑎𝑡𝑖𝑛𝑔
∑8760
(𝐺ℎ𝑡 ) ∗ 𝐺𝑟𝑖𝑑𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐺ℎ ))
ℎ=1 (∑𝑡=1

(2)

min(𝐿𝐶𝐶 + 𝑂𝐸 ∗ 𝑆𝐶𝐶)

(3)

where LCC is the lifecycle cost objective (defined by
Equation (1)), OE is the operational emissions (defined
by Equation (2)), and SCC is the social cost of carbon
[$/kgCO2] as defined by Tol (2008) and adopted by EPA
(EPA 2016).
III. Constraints:

(8)

Hot water storage tank (𝑓𝑜𝑟 𝑖 ∈ [1,8760]):
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐻𝑖,𝑆𝑂𝐶
≤ 𝐻𝑐𝑎𝑝
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐻𝑖,𝑜𝑢𝑡
≤ 𝐻𝑖,𝑆𝑂𝐶
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐻𝑖,𝑖𝑛
≤ 𝐻𝑖,max
_𝑖𝑛
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐻𝑖,𝑜𝑢𝑡
≤ 𝐻𝑖,max
_𝑜𝑢𝑡
𝑇𝐸𝑆
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐻𝑆𝑂𝐶
≤ 𝐻𝑖,𝑆𝑂𝐶
≤ 𝐻𝑆𝑂𝐶
𝑚𝑖𝑛
𝑐𝑎𝑝
𝑇𝐸𝑆
𝑇𝐸𝑆
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐻𝑖,𝑆𝑂𝐶
= 𝐻𝑖−1,𝑆𝑂𝐶
+ 𝐻𝑖−1,𝑖𝑛
− 𝐻𝑖−1,𝑜𝑢𝑡
𝑇𝐸𝑆
𝑇𝐸𝑆
𝐻1,𝑆𝑂𝐶
= 𝐻𝑆𝑂𝐶
𝑖𝑛𝑖𝑡

(9)

CASE STUDY

where COP is a function of the hourly temperature
except for HRC which is assumed to have a constant
COP

This section presents a case study on assessing the
feasibility of a central utility plant (CUP) and chilled
water storage tank (TES) for a new campus located at
Darwin, Australia. Commercial Reference Buildings
modeled by US National Renewable Energy Laboratory
(NREL) (Deru et al. 2011) were used to simulate the
building mix in this project.
For this analysis, a central utility plant (with and without
TES) was analyzed and compared with a building level
thermal supply system over 30 years of lifetime with a
3% discount rate. A distribution loss of 5% was applied
to the loads which were supplied by the central utility
plant.

•

Thermal Equipment

•

Constraints on capacities:

𝑡
𝐶ℎ𝑡 ≤ 𝐶𝑐𝑎𝑝
| 𝑓𝑜𝑟 𝑡 ∈ [1, 𝑇𝑐𝑜𝑜𝑙𝑖𝑛𝑔 ] 𝑎𝑛𝑑 ℎ ∈ [1,8760]
𝑡
𝑡
𝐻ℎ ≤ 𝐻𝑐𝑎𝑝
| 𝑓𝑜𝑟 𝑡 ∈ [1, 𝑇ℎ𝑒𝑎𝑡𝑖𝑛𝑔 ] 𝑎𝑛𝑑 ℎ ∈ [1,8760]

•

Constraint on electricity usage:
𝐸𝑖𝑡 =

𝐶𝑖𝑡
𝐶𝑂𝑃𝑖𝑡

| 𝑓𝑜𝑟 𝑖 ∈ [1,8760]

(4)

Constraint on natural gas usage:
𝐺𝑖𝑡

•

=

𝐻𝑖𝑡
𝐶𝑂𝑃𝑡

| 𝑓𝑜𝑟 𝑖 ∈ [1,8760]

(5)
The building-level thermal supply technologies included
natural-gas boilers and electric heaters for space-heating,
electric coolers for cooling, and natural-gas hot-water
boilers. Specifications of the cooling and heating
equipment are listed below:

Constraint on demand and supply:
𝑇𝐸𝑆
𝐶𝑖𝐷𝑒𝑚𝑎𝑛𝑑 ∗ (1 − 𝜂𝑊𝑆𝐸𝑖 ) + 𝐶𝑖,𝑖𝑛
=
𝑇

𝑐𝑜𝑜𝑙𝑖𝑛𝑔
𝑇𝐸𝑆
∑𝑡=1
( 𝐶𝑖𝑡 ) + 𝐶𝑖,𝑜𝑢𝑡
| 𝑓𝑜𝑟 𝑖 ∈ [1,8760]

(6)

here, 𝜂𝑊𝑆𝐸𝑖 is the hourly coefficient of WSE which
denotes how much of the cooling load it can satisfy.
𝑇

ℎ𝑒𝑎𝑡𝑖𝑛𝑔
𝑇𝐸𝑆
𝐻𝑖𝐷𝑒𝑚𝑎𝑛𝑑 + 𝐻𝑖,𝑖𝑛
= ∑𝑡=1
( 𝐻𝑖𝑡 ) +
𝑇𝐸𝑆
𝐻𝑖,𝑜𝑢𝑡 | 𝑓𝑜𝑟 𝑖 ∈ [1,8760]

•

Constraints on operation of TES:

Electric Chiller (Atelier Ten, n.d.):
• Unit Cost ($/ton): 1460
Heat-Recovery Chiller (Atelier Ten, n.d.):
• Unit Cost ($/ton): 2400
• COP: 3

(7)
Cold Water Storage Tank:
• Unit Cost ($/ton) (Tehrani et al. 2017):77.46
• Initial Storage (Btu): 0
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•
•
•
•
•

Minimum Storage (Btu) : 0
Maximum Inflow in 1 hour (fraction of TES
capacity): 0.2
Maximum Outflow in 1 hour (fraction of TES
capacity): 0.2
Round-Trip Efficiency (fraction) (USGBC
2010): 0.95
Hourly Energy Loss (fraction) (Sioshansi and
Denholm 2010): 0.00031

and wetbulb temperatures over the year for Darwin,
Australia.

Building-level Electric Heater:
• Unit Cost ($/ton) (Build.com n.d.): 418.52
Air-Sourced Heat Pump:
• Unit Cost ($/ton) (HomeAdvisor n.d.): 2200
Building-level Natural Gas Boiler:
• Unit Cost ($/ton) (The Home Depot n.d.):
296.73
• Efficiency (fraction): 0.8
Utilities
Hourly marginal grid emissions for Delaware state, US,
were used from Watttime’s database (Siler-Evans,
Azevedo, and Morgan 2012) for calculating the
operational carbon emissions reported for each scenario.
The electricity in the mentioned grid is generated by 87%
natural-gas-powered generators and 5% coal-powered
generators (US EIA 2018) which was considered the
closest among the US grids to the ~60% natural-gas and
~40% oil-powered generation (Ball et al. 2018) in
Northern Territory, Australia. Electric utility tariffs were
adopted from Jacana Energy (Jacana Energy 2019) with
a peak-time (6am-6pm) energy charge of 0.2145
AUD/kWh, and an off-peak time energy charge of
0.1705 AUD/kWh.
The price of natural gas for building-level systems was
assumed (US EIA n.d.) 16.46 AUD/1000ft3, and the
natural gas CO2 emission factor was assumed (US EPA
2018) 53.06 kg/MMBtu.
Weather Inputs
Weather inputs were extracted from WMO Region 5
dataset.(“Weather Data by Location | EnergyPlus”
2019). Figure 5 shows the histogram of hourly drybulb

Figure 5. Histogram of annual hourly drybulb/wetbulb
temperature for Darwin, Australia

Programs
The central plant was designed to supply the cooling,
heating, and domestic hot-water demand from 31,000 m2
of university space (modeled as 26,000 m2 of Secondary
School and 5,000 m2 of Large Office from NREL’s
Commercial Reference Building archetypes), 35,000 m2
of student residence (modeled as Large Hotel building
archetype), 6,000 m2 of commercial office (modeled as
Large Office building archetype), and 3,000 m2 of
amenities (modeled as Out-Patient building archetype).
Results and Analysis
Table 1 shows the peak and average cooling, heating,
domestic-hot water, and electric loads synthesized by the
toolbox and imposed on a central utility plant, i.e.
including distribution losses.
Table 1. Peak and average cooling, heating, DHW, and
electricity demands for the case study
Peak Demands
Thermal Demands
Cooling
(Ton)

Heating
(kBtu/hr)

1251.2

4188.4

DHW
(kBtu/hr)

164.8

Electrical Demand
(kW)

1061.5

Average Demands
Thermal Demands
Cooling
(Ton)

Heating
(kBtu/hr)

DHW
(kBtu/hr)

608

149.9

35.9

Electrical Demand
(kW)

549.8

After solving the optimization problem associated with
this design configuration, MasterPlanner calculated the
optimal equipment capacities as shown in Table 2 for the
distributed as well as centralized systems (with and
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without TES). The capacities indicated for the
distributed system are the sum of the capacities for all
the building-level equipment. The results show a ~30%
reduction in the capacities of the electric chiller (EC) and
air-sourced heat pump (ASHP) after chilled-water TES
is added to the system.

Table 3. Comparison between the performance metrics of the
main configurations considered for the case study

Reductions (central vs
distributed)
Reductions (central+TES
vs distributed)

Table 2. Optimal capacity of equipment for the case study
Scenario
Distributed
All-Electric
Central
Utility Plant
All-Electric
Central
Utility Plant
+ TES)

Chilled
HR
Water
Chiller
Storage
(Ton)
(Ton-hr)
-

Electric
Chiller
(Ton)

Boiler
(kBtu/hr)

DHW
Boiler
(kBtu/hr)

Electric
Heater
(kBtu/hr)

ASHP
(kBtu/hr)

1235.8

4199.9

157

90.7

-

-

142.8

1250.8

-

-

-

2305.7

5218.1

196.1

887.2

-

-

-

1601.9

Figure 6 shows the resulting energy use intensity (EUI),
life-cycle operational carbon emissions, and life-cycle
equipment costs for the development for the distributed
and centralized supply systems. Despite the sizable
impact of TES on the capacities of EC and ASHP, the
changes in the performance metrics resulting from this
addition are negligible. Instead, most of the savings in
emissions, cost, and EUI have resulted from optimizing
the operation strategy of the cooling and heating
equipment compared to the distributed system. Further,
the significantly smaller values of the heating load
compared to the cooling load (Table 1) have resulted in
a small capacity for the heat-recovery chiller (HRC)
which is less than 12% of the peak cooling demand
(Table 2). This fact has prevented HRC from having a
more tangible impact on saving cost and emissions.
Operational Carbon Emissiosn (kTon-CO2)
50

100

Energy-Use Intensity (kBtu/sq-ft)
150

200

250

Energy Use
Intensity
(Kbtu/ft2)

23%

27%

31%

25%

30%

31%

This paper presents a web-based tool for designing
optimal central plants. This tool can help the design
teams, (i) quickly conduct a central plant feasibility
study, (ii) evaluate different central plant strategies, and
(iii) optimize the design for first cost, operating cost, life
cycle cost, energy use, or carbon impacts using hourly
marginal carbon emissions of the grid. A case study on a
new campus in Australia shows the useful insights
provided by this tool on the optimal configurations,
capacities, and hour-by-hour operation of the central
thermal facilities as well as the sustainability gains
obtained by following these insights when designing a
central utility plant.
As powerful as the current version of the tool is, there
are features that can be added to the tool in the future,
including but not limited to
•
•
•
•

XXXX PROJECT NAME (ALL CAPS)

0

Carbon
Emission

CONCLUSIONS AND FUTURE WORK

CHART TITLE (ALL CAPS)
Life-Cycle Cost of Equipment (M AUD)

Life
Cycle
Cost

•

Adding electricity generation to the supply
technologies, including CHP engines and PV panels
Adding battery storage to the energy storage
systems
Adding more types of heat pumps
Using more complex models for simulating hourly
performance of the equipment
Adding geothermal systems to the supply
equipment.

Distributed

All-Electric Central Utility Plant

All-Electric Central Utility
Plant+TES

Figure 6. Life-cycle metrics associated with the three design
scenarios of case study

Table 3 summarizes the percent improvements in
performance metric of the central plant options over the
distributed systems. The savings range from 23% to 31%
compared to the baseline, i.e. the distributed system.

The tool introduced in this paper can also be integrated
with the available master-planning tools, such as ReOpt,
to take advantage of the capabilities of existing tools, and
to create a platform with a more holistic approach toward
designing optimal building and district-level energy
systems.
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APPENDIX
Figure 7 shows part of the results as viewed in
MasterPlanner depicting the temperature analysis over
the entire year.

Figure 7. Screenshot from part of the weather analysis from
MasterPlanner
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