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Abstract:	
Microgrids are playing an increasingly important role in supporting a
more flexible, efficient, and reliable electric power system in the U.S. As
with any major energy production facilities, Microgrids have various types
of impacts on the local and regional economy. This paper evaluates three
models— REMI, IMPLAN, and RIMS II—that are capable of estimating
the regional macroeconomic impacts of Microgrid projects. The models
are first compared and assessed based on a set of criteria for evaluating
economic impact models in general. They are then applied to a comparative
simulation exercise of the economic impacts of a stylized Microgrid project.
The simulations indicate some variations in the results across the models.
All three models indicate net positive economic impacts in the Microgrid
investment year, with RIMS II yielding the highest impact and REMI the
lowest. The simulation results differ more in the noninvestment years. Both
IMPLAN and RIMS II estimate very small net impacts, while REMI yields
steadily increasing positive impacts over the entire Microgrid operating
period. Overall, we conclude that the REMI Model performs the best of
the three models in relation to the evaluative criteria in general. We also
conclude that the REMI Model simulation results for the stylized Microgrid
project are the most accurate of the three models due to the Model’s more
advanced structure, forecasting capability, dynamic features, and ability to
capture the price impact and cost pass-through effects that extend beyond
ordinary multiplier effects.
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1

Introduction

A Microgrid is a localized and usually small group of electric power generation
sources and loads that can be operated with connection to or independently
of the central power grid (Ton and Smith, 2012). As a fast-growing distributed
energy resource, a Microgrid provides many distinct benefits (Myers, 2014; PEW,
2016). First, in the grid-connected mode, electricity trading activities between the
Microgrid and the main grid contribute to the balance of electricity supply and
demand and thus the optimization of electric energy distribution within a region.
Second, during power interruptions in the main grid, Microgrids can be separated
from it and operate in an autonomous mode, and thus provide uninterrupted
power to the local business or community that it serves. This greatly reduces vulnerability to technical failures, natural disasters and terrorism, and hence improves
reliability of electric power supply in its local hosts. Third, a Microgrid facilitates
the integration of distributed renewable energy generation, such as solar, wind,
and fuel cell generation. Many Microgrids also involve combined heat and power
(CHP), which provides not only electricity but also the cogeneration of heat and
hot water to their customers.
Major operators and users of Microgrids include universities, military installations, and critical facilities (such as hospitals, emergency shelters, police stations,
etc.). Microgrids also become more and more attractive to commercial and industrial sectors, since power reliability is crucial for uninterrupted business operations. Some businesses, especially those located in eco-parks, may also choose
Microgrids for environmental purposes (Wood, 2016).
In 2016, there are 160 Microgrids operating in the U.S., with a total capacity of
about 1.65 gigawatts. CHP currently accounts for 40% of the total Microgrid capacity, followed by natural gas (24%) and diesel (16%) fueled Microgrids. Renewable
source accounts for about 15% of the total capacity, led by solar Microgrids. There
are also 87 planned Microgrid projects across the country, with a total capacity
of about 1.1 gigawatts. Among these, 43% will be fueled by natural gas and 27%
by solar. It is projected that by 2020, the U.S. Microgrid capacity will reach 4.3
gigawatts (Saadeh, 2016; Wood, 2016). As with any major energy production facilities, Microgrids have various types of impacts on the local and regional economy.
These impacts are often evaluated by government agencies that regulate and/or
provide funding support for Microgrid projects.
Several modeling approaches can be used to estimate the regional macroeconomic impacts of energy policies, programs and projects, including both direct
(on-site) effects and various types of indirect (off-site) effects. These modeling
approaches include: input-output (I-O), computable general equilibrium (CGE),
mathematical programming (MP), and macroeconometric models. Each has its
own strengths and weaknesses (see, e.g., Rose and Miernyk, 1989; Rickman and
Schwer, 1995; Partridge and Rickman, 2010).
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The choice of which model to use depends on the purpose of the analysis and
various considerations that come under the heading of model performance criteria, such as accuracy, transparency, manageability, and costs. Other considerations are conceptual soundness (model specification) and estimation (primarily
parameter values).
Model validation in economics is more difficult than in other disciplines,
especially at the macroeconomic level. It is not subject to controlled experiments
because it involves independent individual decision makers and their interactions
in the context of background conditions, many of which are random or otherwise
difficult to predict, especially in the area of energy security (Rose, 2015). However,
the topic at hand – the evaluation of the statewide impacts of the construction
and operation of alternative Microgrid projects is not likely to involve most of
these complications, which tend to dominate the benefits side of the equation
(the losses prevented by disruptions to centralized electric power generation and
distribution).
In this study, we evaluate three alternative regional economic impact modeling
approaches:
• Regional Economic Models, Inc. (REMI) Policy Insight Plus (PI+) Model.
It is based primarily on a macroeconometric modeling approach but also
includes features of input-output (I-O) analysis and computable general
equilibrium analysis (REMI, 2015).
• Impact Analysis for Planning (IMPLAN) Input-Output Modeling System.
It consists of an enormous economic database, algorithms for generating regional I-O models, and capabilities for performing impact analyses
model (IMPLAN, 2016).
• Regional Impact Multiplier System (RIMS II). It consists of a set of sectoral
I-O multipliers for states and regions (U.S. BEA, 2015).
The report first explains the workings of each of the three models. We then set
forth criteria for evaluating economic impact models in general. We next perform
an assessment of the models against the criteria. We find that no single model
performs best on all of the criteria, and that several trade-offs exist, as between
accuracy and cost, and between accuracy and manageability. In general, however,
the REMI Model performs better than IMPLAN and RIMS II Models.
We apply all three models to a comparative simulation exercise of the economic
impacts of a stylized Microgrid project. The direct construction and operating
parameters are informed by Microgrid case studies, with levels altered so as not
to correspond to any specific project. Various background assumptions relating to
the construction and operation of the project and its interaction with other sectors
in the economy (e.g., energy substitution and price adjustments) were also made.
The direct costs or savings, as well as related conditions, were then injected into
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each of the three models as drivers to simulate the statewide economic impacts of
the feasibility study, planning and design, and construction (five years) and operation (20 years) of the Microgrid project through 2038.
The results of the simulations indicate that the IMPLAN and RIMS II Models
yield much higher macroeconomic impact estimates for the early years, where
construction dominates, but they also yield lower macroeconomic impact estimates for the years of operation. The main reason for the differences is that the
REMI Model includes more features of the workings of the macroeconomy and
the interaction of the Microgrid project within it. For example, the RIMS II Model
has an inherent bias in assuming all construction inputs are purchased from businesses within the state. Also, cost savings arising from the Microgrid project cannot be fully modeled in IMPLAN or RIMS II.
Overall, we conclude that the REMI Model performs the best of the three models in relation to the evaluative criteria overall. We also conclude that the REMI
Model simulation results are the most accurate of the three models.

2
2.1

REMI, IMPLAN, and RIMS II Models
REMI PI+ Model

The Regional Economic Models, Inc. (REMI) Policy Insight Plus (PI+) Model is
the most widely used macroeconometric model to analyze the economic impact
of energy and climate policies in the U.S. The REMI PI+ Model is superior to the
other widely used macroeconomic modeling tools such as input-output and mathematical programming in terms of its forecasting ability and is comparable to CGE
models in terms of analytical power and accuracy. This research team has developed a methodology for applying the REMI Model successfully in macroeconomic
impact analysis of state climate action plans in Florida, Pennsylvania, Michigan,
Wisconsin, New York, and California (see, e.g., Rose et al., 2011; Wei and Rose,
2011; Rose and Wei, 2012) and have used it in the analysis of homeland security
issues (Rose et al., 2009).
The REMI Model has evolved over the course of 30 years of refinement (see,
e.g., Treyz, 1993). It is a (packaged) program, but is built with a combination of
national and region-specific data. Government agencies in practically every U.S.
state have used a REMI Model for a variety of purposes, including evaluating the
impacts of the change in tax rates, the exit or entry of major businesses in particular or economic programs in general, and, more recently, the impacts of energy
and/or environmental policy actions.
We simply provide a summary for general readers here (readers are referred
to REMI (2016) for more detailed discussion of the major features of the REMI
Model). As a macroeconometric forecasting model covers the entire economy, typically in a “top-down” manner, based on macroeconomic aggregate relationships
such as consumption and investment. REMI differs somewhat in that it includes
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some key relationships, such as exports, in a bottom-up approach that allows evaluation of specific sector-based policy options. In fact, it is available in terms of a
70-sector version or of a finely grained 169-sector version. In the less expensive
70-sector REMI Model, electricity, gas, and water are combined into one sector,
as opposed to being in separate categories in the 169-sector model. The 70-sector
model divides the economy into only 22 manufacturing sectors, while the 169-sector model has 84 manufacturing sectors.
The REMI model is able to analyze the quantity interactions between sectors
(ordinary multiplier effects), as well as the responses of producers and consumers
to price signals and the changes of other market conditions. The REMI Model also
brings into play features of labor and capital markets, as well as trade with other
states or countries, including changes in competitiveness. The labor market in the
REMI model is very sophisticated, including considerations of input substitution
between labor and other factors of production, market supply and demand, wage
rate determination, and economic geography considerations in terms of labor
accessibility of individual industries.
The econometric feature of the model refers to two considerations. The first
is that the model is based on inferential statistical estimation of key parameters
based on pooled time series and regional (panel) data across all U.S. states (the
other candidate models use “calibration,” based on a single year’s data).1 This
gives the REMI PI+ Model an additional capability of being better able to extrapolate2 the future course of the economy, a capability the other models lack. The
major limitation of the REMI PI+ Model versus the others is that it is prepackaged and not readily adjustable to any unique features of the case in point. The
other models, because they are based on less data and a less formal estimation
procedure, can more readily accommodate data changes in technology that might
be inferred, for example from engineering data. However, our assessment of the
REMI PI+ Models is that these adjustments were not needed for the purpose at
hand.
The use of the REMI PI+ Model will involve the generation of a baseline forecast
of the economy. Then simulations are run of the changes brought about through
the implementation of the various GHG mitigation policy options. This includes
the direct effects in the sectors in which the options are implemented, and then
the combination of multiplier (purely quantitative interactions), general equilibrium (price-quantity interactions), and macroeconomic (aggregate interactions)
impacts. The differences between the baseline and the “counter-factual” simulation represent the total state economic impacts of these policy options. The TS
REMI is the only one of the models reviewed that really addresses the fact that many
impacts take time to materialize and that the size of impacts changes over time as prices
and wages adjust. In short, it better incorporates the actual dynamics of the economy.
2
The model can be used alone for forecasting with some caveats, or used in conjunction
with other forecast “drivers”.
1
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model also adds the benefits of improved access or the costs of restricted access on
transactions in the economy.

2.2

IMPLAN

IMPLAN is a computerized system consisting of three components: an immense
database on economic activity at a fine level of detail (county and census tract), a
set of algorithms for generating input-output (I-O) tables from these data, and a set
of algorithms for conducting economic impact analyses with the tables (IMPLAN,
2016). It was developed by several federal government agencies in the late 1970s,
and privatized in the late 1980s. It is one of the two most widely used sources
of commercially available regional I-O tables in the U.S. IMPLAN is accompanied with an extensive Users Guide and is especially user-friendly, though
some knowledge of I-O is recommended and it does take some time to learn how
to use it.
I-O analysis is the most widely used approach to regional economic impact
analysis in the U.S. This includes the use of tables constructed individually by
researchers, private companies and government agencies, as well as the commercial options mentioned above. It has a long history of application to the broad field
of energy in general and to the economic impacts of energy projects and policies in
particular (see, e.g., Miller and Blair, 2007).
I-O was developed by Harvard professor Wassily Leontief in the 1930s, and
he received the Nobel Prize for this important contribution to economic modeling that also represents a practical tool for empirical analysis (Rose and Miernyk,
1989). I-O stands at the conceptual and empirical core of other applied general
equilibrium models, such as social accounting matrices (SAMs) and computable
general equilibrium (CGE) models.
In its most basic form, I-O is a static, linear model of all purchases and sales
between sectors of an economy, based on the technological relationships of production. It can, however, be transformed into more advanced forms that would
culminate in a dynamic, nonlinear model of all purchases and sales between
sectors of an economy or economies, based on the technological relationships of
production and other explanatory variables (Rose and Miernyk, 1989). However,
the extension of I-O at this level is especially cumbersome, and researchers have
substituted computable general equilibrium (CGE) models for such advanced
analyses (see Rose, 1983; 1995).
Essentially, I-O depicts the economy as a set of interconnected supply-chains.
It is especially adept at translating direct impacts into total impacts, the difference
consisting of indirect effects (the stimulus generated by change in economic activity by one sector on its upstream suppliers) and induced effects (the stimulus of
industry payments to providers of production factors translated into their spending on consumer goods and services). These second-order effects are the basis for
the multipliers that are embodied in the I-O table, where, in general, they represent
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132  J. Sustainable Energy Eng., Vol. 4, No. 2, December 2016

Dan Wei and Adam Rose: Evaluating Modeling Approaches for Analyzing Macroeconomic Impacts

the ratio of total impacts on the entire economy of a direct impact on an individual
sector. Of course, changes in direct impacts on multiple sectors can be simulated
simultaneously.
A major variant of the standard I-O (demand-side) model is the supplyside model (Miller and Blair, 2009). The former is limited to the calculation of
upstream supply-chain effects, while the latter focuses on downstream effects.
That is, the former examines the impact of the change in economic activity by
one sector on its successive rounds of suppliers, while the latter focuses on
the impacts of a change in economic activity of a given sector on its successive
chain of customers. While mathematically analogous, from the standpoint of
economic theory, the supply-side variant is on less solid footing. An increase
in economic activity will necessarily call for an increase in inputs directly and
indirectly. However, the mere existence of an increased availability of goods,
services, or primary factors of production will not necessarily call for their utilization (this is known as the fallacy of Say’s Law). Hence, for an analysis such
as the Microgrid assessment to be performed, the supply-side approach is not
needed.
I-O’s major strengths are its full-accounting of all inputs, disaggregation of the
economy into separate sectors, and the ability to capture general physical aspects
of economic interdependence. Its weaknesses are that it is inherently linear, lacks
behavioral content, omits the workings of prices and markets, and does not incorporate any constraints on the availability of inputs.
Following is an exposition of the basic workings of the I-O Model:
The static, open I-O model is based on a table of purchases and sales between
sectors of an economy, or transactions table. This table can be expressed as a system of accounting identities:

Xi = Xi1 + Xi 2 + …+ Xin + Yi

(i = 1…n)

(1)

where
Xi total gross output of sector i,
Yi the autonomous final demand for the products of sector i,
Xij the sales by sector I to each of the endogenous sectors j.
Three assumptions enable equation (1) to be converted into a model capable of
analysis and prediction. They are that: (a) each commodity or service is provided
by a single production sector, and that there are no joint products; (b) each sector’s inputs bear a directly proportional relationship to that sector’s output; and (c)
there are no external economies or diseconomies.
Assumption (b) may be written as:

Xij = aij X j

(2)
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Substituting (2) in equation (1) yields the basic I-O model:

Xi =

∑ j =1 aij X j + Yi
n

(i = 1…n)

(3)

The endogenous elements of (3) may be rewritten as:

aij =

Xij

(4)

Xj

the model’s ‘technical coefficients’.
The balance equation can also be written compactly in matrix notation as:

X = AX + Y

(5)

Solving for annual gross output needed to deliver the exogenously given set of
final demands yields:

X = ( I − A) Y
−1

2.3

(6)

RIMS II

The Regional Input-Output Modeling System (RIMS) was developed by the U.S.
Department of Commerce, Bureau of Economic Analysis Regional Economics
Division in the 1970s. The current incarnation is known as RIMS II. It is the other
of the two most widely used sources that provide regional multipliers in the U.S.,
and has a long history in applications to the impacts of energy projects and policies
(see, e.g., Stucker et al., 1981; Pijawka and Chalmers, 1983; Sanghi, 1994; Rickman
and Schwer, 1995; Lynch, 2000).
Unlike IMPLAN, however, RIMS does not consist of a large database, algorithms to translate the data into regional I-O tables and algorithms to perform
simulations. Instead, it simply provides regional output, value-added, earnings,
and employment multipliers by sector directly. The current RIMS II multipliers are calculated based on 2007 national benchmark I-O data and 2013 regional
data (BEA, 2013). Even without the underlying I-O tables, many straightforward
impact analyses can be performed by simply utilizing multipliers. For example,
in contrast to the workings of the I-O approach explained above, one can simply compute the product of the initial sectoral (or sectoral mix) stimulus and the
relevant multiplier(s) to yield economy-wide impacts. Such analyses can be performed readily in Excel.
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3.

Evaluation of Alternative Models

3.1

Model Performance Criteria

In evaluating alternative economic impact models, it is first prudent to identify a
set of criteria on which to base the decision of which is the best one. The following
are our preliminary set of criteria:
1. Accuracy – the extent the model will yield predictions of macroeconomic
impacts that are likely to be close to actual occurrences. Of course, it cannot be
absolutely ascertained in advance. Therefore, we depend on standard model
features that are likely to enhance accuracy. These include the level of sophistication of the model and its consistency with economic theory, the data that
it utilizes, and statistical “goodness of fit” measures where applicable.
2. Scope – the breadth of coverage of the model. It would include such features as whether it consists only of selected sectors or the entire economy.
It also pertains to the number of mitigation and sequestration options that
can be included.
3. Detail – the degree of resolution of the model. This is indicated by the extent
to which the model is divided into a number of sectors and to the number
of macroeconomic indicators that can be analyzed with it.
4. Transparency – whether the workings of the model can be made clear to
those who would utilize its results, as well as whether the model can offer
a clear picture of how the results were obtained.
5. Manageability – This relates to the ability of the modeler to develop simulations with the model in a reasonable amount of time. It also pertains to
the potential for the eventual transfer of the model to agency staff.
6. Cost – the expense of building or leasing the model and of operating it. It
also pertains to the expense of updating and refining the model at a later
date where applicable.
7. Other – one example would relate to any special features of the policy, program or project to be analyzed.

3.2

Model Specifications

It is important to specify and evaluate model characteristics, such as:
1. Geographic area of coverage – whether the analysis is to be performed only
for the region, or whether there is a need to include any of the subregions.
2. Time of analysis – time horizon for the construction and operation of the
project.
3. Macroeconomic indicators – the most widely used are gross state product
(GSP), gross output, personal income and employment.
4. Sectoral resolution – the detail in the classification of sectors.
5. Income distribution – impacts on each of several income brackets.
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3.3

Parameter Values

It is also important to specify and evaluate model parameter values:
1. Flexibility – the extent the model can address considerations such as substitution of one fuel or energy technology for another.
2. Productivity and Competitiveness – the extent that the model can
incorporate cost changes and productivity improvements (or losses) stemming from technological change and the extent to which these considerations affect the region’s cost of production relative to that of other regions.
3. Economic Growth – the extent to which the model can factor economic
growth into the baseline forecast and also forecast the effect of the project
on economic growth.
4. Population Growth – same as above but with respect to population.
5. Trend Factors – other secular changes that affect the baseline or the analysis, such as a steady increase in energy efficiency or a steady change in
electricity prices.
6. Discount Rate – the time value of money needed to convert costs and
impacts taking place in different year into a common time denominator
(usually the current year).

3.4 Evaluation of Three Models for Evaluating Regional
Macroeconomic Impacts of Microgrid Projects
The three modeling approaches analyzed in this report are evaluated against key
performance criteria in Chart 1. Evaluation is performed in terms of qualitative
rankings on a scale from poor to excellent.
Chart 1 Evaluation of potential model performance.
Performance criterion

REMI

IMPLAN

RIMS II

Accuracy

very good

good

good/fair

Scope

excellent

very good

very good

Detail

excellent/very good

very good

very good

Transparency

good/fair

excellent/very good

fair

Manageability

good

very good

excellent

Cost

good/fair

excellent

excellent

Forecasting Capability

excellent/very good

n.a.

n.a.

DOI: 10.7569/JSEE.2016.629517
136  J. Sustainable Energy Eng., Vol. 4, No. 2, December 2016

Dan Wei and Adam Rose: Evaluating Modeling Approaches for Analyzing Macroeconomic Impacts

Accuracy is a difficult criterion to measure without formal comparison of model
predictions against actual outcomes. Even then, outcomes are difficult to measure
properly, because external influences, such as general economic growth trends and
business cycles cannot be held constant. Hence, we are not inclined to rate any of
the models as excellent, also in part because none of the models actually includes
all factors that might be able to predict outcomes. Overall, we rate the REMI Model
as performing the best of the three and give it a rating of very good. In comparison, IMPLAN does not contain many of the economic relationships embedded in
REMI, so we assign it only a good rating. RIMS II is assigned a good/fair rating
because it contains even fewer functional relationships than does IMPLAN. The
only slightly lower rating of RIMS II is due to our assessment that the major feature of the two models — basic I-O multipliers — is part of both.
Scope refers to the range of economic activity and economic indicators that the
models can analyze. REMI has the broadest scope, but both IMPLAN and RIMS II
are able to analyze the entire economy and generate impacts on major economic indicators such as gross output, value added (GDP), personal income and
employment.
Detail refers primarily to the degree of resolution of the sector classifications
used in the model. However, we add to this consideration of other indicators, as
well as sectoral detail impacts. We assign REMI less than a fully excellent rating
because we have had for our use only the 70-sector version. IMPLAN has the
best sectoral detail, at about 500 sectors, but otherwise lacks some of the detail of
REMI in other areas, and thus we give it only a very good ranking. The sectoral
detail of RIMS II falls in between the other two models. RIMS II also provides
the matrix of the sectoral decomposition of the multipliers, and thus is capable
of calculating sectoral detail impacts. Therefore, we give it the same very good
ranking as IMPLAN.
Transparency is such that the relative rankings change from those of the previous
three criteria. While documentation of the REMI Model is extensive, because of its
commercial nature, many specific parameter values are deemed proprietary and
not readily revealed. In addition, the very complexity of the model, which yields
high rankings on other criteria, actually works against it for this one. In contrast,
the transparency of IMPLAN is given an excellent/very good rating. RIMS II is
given only a fair rating, because it provides only sectoral multipliers, without providing the detailed underpinnings of data from which they are derived.
Manageability refers to how easy it is to understand and use the model. Thus, it
tends to have an inverse relationship with model complexity as well. More sophisticated models are typically not as easy to use, and the three models we analyze are
no exception. Hence, RIMS II receives an excellent ranking, because the sectoral
multipliers can readily be utilized in a simple spreadsheet program. The IMPLAN
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software is more demanding and the REMI software requires a good deal of training and more analytical capabilities on the part of the user.
Cost also tends to have an inverse relationship with model complexity. Both
RIMS II and IMPLAN are rated as excellent because their cost is about $1,000 or
less. On the other hand, the cost of leasing the REMI Model for six months exceeds
$20,000, so we give it a qualitative rating of good/fair.
Forecasting Capability is easy to assess among three models, since only REMI has
this capability. We assign it a rating of excellent/very good based on its comprehensive theoretical underpinnings and strong history of applications.
Thus, no single model is superior to the others in terms of all criteria. Model choice
involves several trade-offs, as between cost and accuracy. However, on the basis
of model design and content, the REMI Model appears to have a significant edge
on the other two models if potential users already have a good background in economics and use of economic software, and if the relatively high cost of the REMI
Model is not an impediment.

4

The Stylized Microgrid Project

4.1 A. Direct Costs and Savings of the Stylized Microgrid Project
We utilize data from a proposal submitted to a major state government agency
in the U.S. to develop a Microgrid project. The Microgrid is assumed to be operated by large entities such as hospitals and medical research institutes in a local
community. To ensure confidentiality of the data, we do not reveal the state or the
agency. Moreover, we also adjust all of the cost and saving data via random adjustment within the range of +/-10% of each value. Hence, we refer to this as a stylized
project. These modifications do not significantly affect the comparison between
the three modeling approaches.
Table 1 provides a summary of data on the direct costs and savings. The direct
costs of the Microgrid project total about $157 million, while the direct savings of
the project are about $283 million. The total direct savings to the power generation
sector resulting from the project are estimated to be $139 million. All of the costs
and savings are calculated in net present value terms over the entire planning
period of 2016 to 2035. After adjusting for the double-counting,3 the total net savings of this Microgrid project are estimated to be $148 million.
Note that all of the estimates presented in Table 1 apply to the sectors that
are directly affected by the Microgrid project, or what are termed partial equilibrium economic impacts. They do not include broader general equilibrium, or
It is assumed that there is a double-counting of the savings to the electricity provider
from avoided generation and the electricity savings of the Microgrid proposers. Therefore,
in the Net Savings calculation, we subtract the generating and fuel savings to the power
generation sector from the total.

3
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macroeconomic impacts, which include the ripple effects of the increased spending on the Microgrid system, decreased demand of grid electricity, and the interaction for demand and supply in various markets. The three models estimate these
macroeconomic impacts.
Table 1 Direct costs and savings of the stylized microgrid project.
Cost or saving category

Present value over 20 years (2014$)a

Costs to the Microgrid Proposer
Initial Design and Planning of Microgrid
Capital Costs of Microgrid
Fixed O&M Costs of Microgrid
Variable O&M Costs of Microgrid

$298,949
$34,388,763
$1,278,010
$18,655,766

Fuel Costs of Microgrid

$102,396,696

Total Costs

$157,018,183

Savings to the Microgrid Proposer
Savings from Reduced Purchase of Electricity

$282,946,635

Subtotal of Savings

$282,946,635

Savings to the Electricity Provider
Reduction in Generating Costs

$89,121,375

Fuel Savings from CHP

$27,445,029

Generation Capacity Cost Savings

$19,885,147

Distribution Capacity Cost Savings

$2,468,444

Avoided Emissions Allowance Costs
Subtotal of Savings

$43,225
$138,963,219

Subtraction of Double-Counted Savings
Double-Counted Savings
Net Savings

-$116,566,404b
$148,325,267

Using a discount rate of 5%.
b
This is calculated as the sum of the “Reduction in Generation Costs” and “Fuel Savings” of the
Electricity Provider.
a
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4.1

Supplemental Assumptions

In addition to the direct costs and savings data that are used as the basis of inputs
to the macroeconomic modeling, we also make several assumptions in the simulations where there is a lack of information or there are uncertainties about the
key variables from the micro level analysis. Below is the list of the key additional
assumptions adopted in the Base Case analysis:
1. Except for the state incentives provided in Year 1, Year 3, and Year 5 for
project feasibility study, program design and planning, and upfront capital investment, respectively, the proposers of the Microgrid project are
assumed to bear the remaining costs of the project.
2. For the avoided generating costs of the power generation sector, we assume
that the proportions of the annualized capital cost and fixed/variable O&M
costs are 80% and 20%, respectively.
3. For the capital cost of the Microgrid system, the proportions of labor costs
and equipment costs are assumed to be 30% and 70%, respectively.
4. We assign the annualized design and planning cost, capital cost, and O&M
cost of the Microgrid to the associated participating entities that install the
equipment/device.
5. The impact of the savings from the reduced purchase of electricity from
the grid for the Microgrid participating entities is simulated. The total
saved electricity purchases are distributed among the Microgrid participants based on their respective average annual electricity usage. Avoided
electricity purchase that would appear to accrue to the residential sector is allocated to large/commercial industrial rate class entities. The
projected electricity prices for the residential and commercial sectors for
the state are used. These electricity prices are calculated by scaling the
projected average bundled rates for the national grid from the EIA 2014
Energy Outlook.
6. In the REMI simulation, we assume that changes in capital cost and production cost of the power generation sector stemming from the avoided
generation, allowance cost savings, generation and distribution capacity
cost savings will be passed on to the ratepayers.4
7. Although the Microgrid participating sectors are expected to experience
electricity savings, in order to cover the fixed costs of the utility sector, we
In the REMI Model, the effects of the changes in capital and production costs of the energy
supply sectors can be automatically passed onto the residential sector. However, this
linkage is missing for the downstream commercial and industrial customer sectors for the
Utilities sector. In our analysis, to fill in the missing linkage, a separate REMI simulation
with only the shocks to the capital and production costs of the Utilities sector is run first.
The resulting percentage changes to electricity price of households are then used to simulate
the percentage electricity fuel cost changes of the commercial and industrial sectors.
4
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assume that some of the costs will be reallocated to other ratepayers. The
total amount of cost reallocation is calculated by multiplying the quantity
of electricity savings by the difference of the Wholesale Price and Retail
Price of electricity.
8. In the Base Case analysis, we assume that zero percent of the in-region
private capital investment in Microgrid will displace ordinary private
investment (in plant and equipment) of the Microgrid participating sectors
(i.e., 100% of the private investment in Microgrid is additive to the state
economy).

5 Macroeconomic Impact Analysis of the Stylized Microgrid Project
using REMI, IMPLAN, and RIMS II
5.1

Application of the REMI Model

5.1.1 Model Inputs
Before undertaking the economic simulations in the REMI Model, the key direct
impact data are prepared for utilization in the model. This step involves the selection of appropriate variables and determination of the proper economic sectors
in REMI to simulate the policy’s changes. Table 2 illustrates how the direct costs
and savings of the Microgrid project are translated into REMI economic variable
inputs.
In Table 2, the second column shows the micro analysis results for different
types of direct impacts (or “drivers”) of the Microgrid project according to their
applicability to business (commercial and industrial) sectors and the household
(residential) sector. The third column presents the corresponding economic variables in the REMI PI+ Model and indicates their position within the Model (i.e.,
in which one of the five major model blocks in REMI the policy variables can
be found). The direct impacts are also categorized in terms of whether they are
expected to generate positive or negative impacts on the economy in the last column. Table 2 shows that there can be cases in which different categories of direct
costs or savings are simulated using the same economic variable for one specific
sector in REMI, and the effects can be in different directions. For example, the
avoided electricity generation by the Utilities sector will result in decreased final
demand for the Oil and Gas Extraction sector, while the operation of the Microgrid
will increase the final demand for the same sector. When we perform the economic
impact analysis, we enter all the drivers listed in Table 2 simultaneously in one
single simulation. If one economic variable (such as the Exogenous Final Demand
for Oil and Gas Extraction Sector in the example above) is being stimulated (positively or negatively) more than once in the simulation, the model will first calculate the net change of the value of the variable, and then use that net value as the
stimulus to the variable.
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Table 2 Mapping of the direct costs and savings of the stylized microgrid into
REMI inputs.
Positive or negative
stimulus to the
economy

Microeconomic
quantification

Economic variable selection in
REMI

1

Investment in
Feasibility Study
for the Microgrid

Output and Demand Block →
Exogenous Final Demand
(amount) for Professional
and Technical Services sector
→ Increase

Positive

2

Investment in
Initial Design
and Planning of
the Microgrid

Output and Demand Block →
Exogenous Final Demand
(amount) for Professional
and Technical Services sector
→ Increase

Positive

3

Upfront Capital
Investment
on Microgrid
Equipment

Output and Demand Block →
Exogenous Final Demand
(amount) for Electrical
Equipment and Appliance
Manufacturing, Computer
and Electronic Product
Manufacturing, Primary
Metal Manufacturing, and
Machinery Manufacturing
sectors → Increase
Output and Demand Block →
Exogenous Final Demand
(amount) for Construction
sector → Increase

Positive

4

Increased Demand
of NG of the
Microgrid
System

Output and Demand Block →
Exogenous Final Demand
(amount) for Oil and Gas
Extraction Sector → Increase

Positive

5

Reduced Capital
Cost of Avoided
Power Generation

Compensation, Prices, and
Costs Block → Capital Cost
of Utilities sector → Decrease

Positive

6

Reduced O&M
Cost of
Avoided Power
Generation

Compensation, Prices, and
Costs Block → Production
Cost of Utilities sector →
Decrease

Positive

Linkage

(Continued)
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Table 2 Cont.
Positive or negative
stimulus to the
economy

Microeconomic
quantification

Economic variable selection in
REMI

7

Reduced Fuel
Cost of
Avoided Power
Generation

Compensation, Prices, and
Costs Block → Production
Cost of Utilities sector →
Decrease

Positive

8

Avoided Purchase
of Electricity
from Grid

Compensation, Prices, and
Costs Block → Electricity
Fuel Cost (amount) for
Hospitals, Professional and
Technical Services, and
Educational Services sectors
→ Decrease

Positive

9

Avoided Allowance
Costs

Compensation, Prices, and
Costs Block → Production
Cost of Utilities sector →
Decrease

Positive

10

Generation
Capacity Cost
Savings

Compensation, Prices, and
Costs Block → Production
Cost of Utilities sector →
Decrease

Positive

11

Distribution
Capacity Cost
Savings

Compensation, Prices, and
Costs Block → Production
Cost of Utilities sector →
Decrease

Positive

12

Electricity
Generation and
Distribution
Cost/Saving
Pass Througha

Compensation, Prices, and
Costs Block → Electricity
Fuel Cost (Percentage)
for Industrial Sectors and
Commercial Sectors →
Decrease

Positive

13

Costs of the Design
and Planning of
the Microgrid

Compensation, Prices, and
Costs Block → Production
Cost (amount) for Hospitals,
Professional and Technical
Services, and Educational
Services sectors → Increase

Negative

Linkage

(Continued)
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Table 2 Cont.
Positive or negative
stimulus to the
economy

Microeconomic
quantification

Economic variable selection in
REMI

14

Capital Cost of the
Microgrid

Compensation, Prices, and
Costs Block → Capital Cost
(amount) for Hospitals,
Professional and Technical
Services, and Educational
Services sectors → Increase

Negative

15

O&M Cost of the
Microgrid

Compensation, Prices, and
Costs Block → Production
Cost (amount) for Hospitals,
Professional and Technical
Services, and Educational
Services sectors → Increase

Negative

16

Fuel Cost of the
Microgrid

Compensation, Prices, and
Costs Block → Production
Cost (amount) for Hospitals,
Professional and Technical
Services, and Educational
Services sectors → Increase

Negative

17

Compensation, Prices, and
Utility Cost
Costs Block → Electricity
Reallocation to
(Commercial Sectors)
Other Ratepayers
Fuel Cost (amount) for
due to Electricity
Commercial Sector →
Savings of
Increase
Microgrid
Compensation, Prices, and
Costs Block → Electricity
(Commercial Sectors) Fuel
Cost (amount) for Industrial
Sector → Increase
Output and Demand
Block → Consumption
Reallocation (amount) →
All Consumption Sectors →
Decrease

Negative

Linkage

(Continued)

DOI: 10.7569/JSEE.2016.629517
144  J. Sustainable Energy Eng., Vol. 4, No. 2, December 2016

Dan Wei and Adam Rose: Evaluating Modeling Approaches for Analyzing Macroeconomic Impacts

Table 2 Cont.
Positive or negative
stimulus to the
economy

Microeconomic
quantification

Economic variable selection in
REMI

18

Opportunity
Cost of State
Incentives

Compensation, Prices, and
Costs Block → Electricity
(Commercial Sectors)
Fuel Cost (amount) for
Commercial Sector →
Increase
Compensation, Prices, and
Costs Block → Electricity
(Commercial Sectors) Fuel
Cost (amount) for Industrial
Sector → Increase
Output and Demand
Block → Consumption
Reallocation (amount) →
All Consumption Sectors →
Decrease

Negative

19

Decreased Demand
of Electricity

Output and Demand Block →
Exogenous Final Demand
(amount) for Utilities Sector
→ Decrease

Negative

20

Decreased Demand
of NG

Output and Demand Block →
Exogenous Final Demand
(amount) for Oil and Gas
Extraction Sector → Decrease

Negative

Linkage

In the REMI Model, the effects of the changes in capital and production costs of the energy supply
sectors can be automatically passed onto the residential sector. However, this linkage is missing for
the downstream commercial and industrial customer sectors for the Utilities sector. This missing linkage is corrected using the following steps: 1) run a first REMI simulation with only the shocks to the
capital and production costs of the Utilities sector (#5–7 and #9–11 in Table 2); 2) obtain the percentage
changes to electricity price of households from the REMI Output Page (obtained through “Economic”->”Prices”-->”Commodity Prices”--> “Electricity”); 3) run the second REMI simulation with all the
model inputs specified in Table 2, with the input value of #12 obtained from step 2.

a

5.1.2 Simulation Results
5.1.2.1

Aggregate Economic Impacts

The aggregate economic impacts of the stylized Microgrid project are presented
in Table 3 for six key years for the following indicators: employment, gross state
product (GSP), output, population, real disposable personal income, and price
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index. The Net Present Value (NPV, at a 5% rate of discount) over the entire planning horizon (2015–2038) is also presented for GSP, output, and personal income
impacts. In Table 3, both the value and percentage impact results are presented.
The results indicate that:
• The employment gains are projected to be seven jobs by 2038 (or an
increase of 0.00005% over the state baseline level). The average annual
employment gains are estimated to be three jobs over the entire planning
period.
• The GSP gains are projected to be about $18.57 million (in 2014$) by 2038
(or an increase of about 0.00087%). The NPV of the GSP gains over the
entire planning period are estimated to be $78.7 million.
• The net disposable personal income gains are projected to be about $130.1
million in NPV over the planning period.
• The PCE price index is projected to decrease by about 0.00097% by 2038.
5.1.2.2 Decomposition of Impacts
In this subsection, we conduct a decomposition of the results in terms of the various economic factors that affect the bottom line for the Microgrid project. The
decomposition analysis will provide valuable insights in finding the major contributing factors to the aggregate impact of the project.
Table 4 and Figure 1 present the decomposition of the employment impacts
of the Microgrid project, while Table 5 and Figure 2 present the decomposition
results for GSP impacts. In Figures 1 and 2, the bars in different colors represent
impacts of individual stimulus and dampening effects. The black solid line indicates the total net impact. The results indicate that savings from reduced purchase
of electricity from grid accrued by the Microgrid participating entities result in
the highest positive impacts on the economy. Cost savings of the Utilities sector
from the avoided generation, as well as the corresponding pass-through effects
to all ratepayers represent the second-highest positive impacts on the economy.
The ripple effects of the cost reallocation to other ratepayers due to electricity savings accrued to Microgrid sectors result in the highest negative impacts on the
economy.

5.2

Application of the IMPLAN I-O Model

In this section, we apply the IMPLAN I-O Model to analyze the economic impacts
of the stylized Microgrid project. The I-O Model is constructed based on Year 2014
IMPLAN data for the statewide economy. The original IMPLAN I-O Table divides
the economy into 536 sectors. To make the calculation manageable, we first performed a sectoral aggregation. The aggregation starts with aggregating the 536
sectors into 86 3-digit NAICS sectors. For sectors that are directly affected by the
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Total Employment
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4
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0.00087%
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2038
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20.859
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Table 3 REMI simulation results: Aggregate impacts of the stylized microgrid project.
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Table 4 REMI simulation results: Decomposition of the employment impacts of the stylized microgrid project (number of jobs).
2034

2038

01. Spending on Feasibility Study

2017
0.0

0.0

0.0

0.0

0.0

0.0

02. Investment in Initial Design and
Planning of the Microgrid

9.2

0.2

–0.1

0.0

0.0

0.0

03. Power Generation Equipment
Investment

0.0

27.0

–0.4

–0.1

0.0

0.0

04. Construction Investment

0.0

89.9

–1.1

0.5

0.2

0.2

05. Increased Demand of Natural Gas

0.0

5.2

7.3

6.8

6.8

7.2

06. Reduced Capital Cost of Avoided
Power Generation

0.0

23.7

47.0

49.9

61.1

72.7

07. Reduced O&M Cost of Avoided Power
Generation

0.0

2.9

6.0

7.0

8.7

10.2

08. Reduced Fuel Cost of Avoided Power
Generation

0.0

5.9

10.6

11.1

11.8

12.6

09. Avoided Purchase of Electricity from
Grid

0.0

105.9

144.6

110.2

63.3

28.6

10. Avoided Allowance Costs

0.0

0.0

0.0

0.0

0.0

0.0

11. Generation Capacity Cost Savings

0.0

3.0

8.2

8.3

8.6

8.8

12. Distribution Capacity Cost Savings

0.0

0.6

1.0

1.0

1.0

1.0

13. Electricity Generation and Distribution
Cost Saving Pass Through

0.0

28.5

48.6

48.8

49.6

51.2

14. Split of Increased Design and Planning
Costs

–1.2

–0.3

–0.1

0.0

0.0

0.0

15. Split of Capital Cost of Microgrid

0.0

–1.1

–31.8

–24.9 –19.9 –16.8

16. Split of O&M Cost of Microgrid

0.0

–5.6

–10.1

–10.5 –10.7 –10.8

17. Split of Fuel Cost of Microgrid

0.0

–25.9

–48.8

–53.8 –57.0 –60.1

18. Cost Reallocation to Other Ratepayers

0.0

19. Opportunity Cost of State Incentives

2019

2024

2029

–132.3 –151.7 –117.7 –92.0 –71.1

–7.6

–28.9

–0.4

20. Decreased Demand of electricity

0.0

–12.6

–29.6

21. Decreased Demand of Natural Gas

0.0

–1.4

–2.0

–1.8

–1.8

–1.9

Total

0.5

84.8

–2.6

4.5

3.9

6.8
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Figure 1 Decomposition of the employment impacts of the stylized microgrid project.
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Table 5 REMI simulation results: Decomposition of the GSP impacts of the stylized
microgrid project (in million 2014$).
2017

2019

2024

2029

2034

2038

NPV

01. Spending on Feasibility
Study

$0.0

$0.0

$0.0

$0.0

$0.0

$0.0

$0.1

02. Investment in Initial
Design and Planning of
the Microgrid

$1.1

$0.0

$0.0

$0.0

$0.0

$0.0

$1.0

03. Power Generation
Equipment Investment

$0.0

$4.3

$0.0

$0.0

$0.0

$0.0

$3.6

04. Construction Investment

$0.0

$8.6

–$0.1

$0.0

$0.0

$0.0

$6.8

05. Increased Demand of
Natural Gas

$0.0

$0.8

$1.1

$1.1

$1.2

$1.3

$11.2

06. R
 educed Capital Cost of
Avoided Power Generation

$0.0

$3.5

$7.7

$9.6

$12.6

$15.5

$89.8

07. R
 educed O&M Cost of
Avoided Power Generation

$0.0

$0.6

$1.1

$1.5

$2.0

$2.3

$13.7

08. Reduced Fuel Cost of
Avoided Power Generation

$0.0

$1.1

$2.0

$2.3

$2.7

$2.9

$21.5

09. Avoided Purchase of
Electricity from Grid

$0.0 $12.0

$24.3

$27.5

$27.2

$26.3

$241.7

10. Avoided Allowance Costs

$0.0

$0.0

$0.0

$0.0

$0.0

$0.0

$0.0

11. Generation Capacity Cost
Savings

$0.0

$0.6

$1.6

$1.8

$1.9

$2.0

$15.6

12. Distribution Capacity
Cost Savings

$0.0

$0.1

$0.2

$0.2

$0.2

$0.2

$1.9

13. Electricity Generation and
Distribution Cost Saving
Pass Through

$0.0

$3.2

$7.1

$9.0

$10.9

$12.7

$80.7

14. Split of Increased Design
and Planning Costs

–$0.1

$0.0

$0.0

$0.0

$0.0

$0.0

–$0.2

$0.0 –$0.1

–$4.5

–$4.7

–$4.8

–$4.9

–$41.5

15. Split of Capital Cost of
Microgrid

(Continued)
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Table 5 Cont.
2017

2019

2024

2029

16. Split of O&M Cost of
Microgrid

$0.0

–$0.6 –$1.2

–$1.4

17. Split of Fuel Cost of
Microgrid

$0.0

–$2.8 –$5.9

–$7.1

18. Cost Reallocation to Other
Ratepayers

$0.0 –$14.0 –$21.4 –$21.4 –$20.8 –$19.6 –$206.0

19. Opportunity Cost of State
Incentives

2034

2038

NPV

–$1.5

–$1.5

–$12.5

–$7.9

–$8.5

–$63.4

–$0.8

–$3.1 –$0.2

–$0.1

$0.0

$0.0

–$5.5

20. Decreased Demand of
electricity

$0.0

–$3.3 –$7.6

–$9.3

–$9.1

–$9.7

–$76.3

21. Decreased Demand of
Natural Gas

$0.0

–$0.2 –$0.3

–$0.3

–$0.3

–$0.4

–$3.0

Total

$0.2

$10.6

$8.8

$14.4

$18.6

$79.1

$3.8

Microgrid project (such as the manufacturing sectors of the Microgrid equipment),
we retained the sectors at the most disaggregated level in IMPLAN. Appendix C
presents the aggregation scheme we adopted in constructing the I-O model.
5.2.2

Simulation Approach

Table 6 presents how we model the total impacts of the various direct costs and
savings using the I-O approach.
5.2.2 Simulation Results
Since the IMPLAN I-O Model is static and is based on the Year 2014 I-O table,
to simulate the economic impacts of the Microgrid for the entire project period,
we apply the same I-O Model to the direct costs and savings resulting from the
project for each year between 2015 and 2038. The implicit assumption is that the
production technology and economic structure of the state economy will not have
significant changes over the next 24 years. This is a crude assumption made due to
the limitation of the static I-O Model we have.
We also run two versions of simulation. In the first version, we multiply each
element in the final demand change vector by the default Regional Purchase
Coefficient (RPC)5 of the corresponding sector obtained from IMPLAN. After this
adjustment, only the investment and expenditures that go to the in-state produc5

It represents the proportion of in-state demand that is fulfilled from in-state production.
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Figure 2 Decomposition of the GSP impacts of the stylized microgrid project.
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21. Decreased demand of natural gas

20. Decreased demand of electricity

19. Opportunity cost of state incentives

18. Cost reallocation to other ratepayers

17. Split of fuel cost of microgrid

16. Split of O&M cost of microgrid

15. Split of capital cost of microgrid

13. Electricity generation and distribution cost saving pass
through
14. Split of increased design and planning costs

12. Distribution capacity cost savings

11. Generation capacity cost savings

10. Avoided allowance costs

09. Avoided purchase of electricit from grid

08. Reduced fuel cost of avoided power generation

07. Reduced O&M cost of avoided power generation

06. Reduced capital cost of avoided power generation

05. Increased demand of natural gas

04. Construction investment

03. Power generation equipment investment

02. Investment in initial desgin and planning of the microgrid

01. Spending on feasibility study
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Table 6 Modeling approach for using the IMPLAN input-output model for impact
analysis.
#

Direct costs or savings

Approach to modeling total impact in I-O

1

Investment in Feasibility
Study for the Microgrid

Final Demand for Professional, Scientific, and
Technical Services sector → Increase

2

Investment in Initial
Design and Planning of
the Microgrid

Final Demand for Professional, Scientific, and
Technical Services sector → Increase

3

Upfront Capital Investment Final Demand for Other Electrical Equipment,
in Microgrid Equipment
Appliance, and Component Manufacturing,
Iron, Steel Pipe and Tube Manufacturing from
Purchased Steel, Turbine and Turbine Generator
Set Units Manufacturing, Other Engine Equipment
Manufacturing, Semiconductor and Related Device
Manufacturing, Storage Battery Manufacturing
sectors → Increase
Final Demand for Construction of New Power and
Communication Structures sector → Increase

4

Increased Demand of NG
Final Demand for Natural Gas Distribution sector →
for the Microgrid System
Increase

5

Reduced Generating Cost
of Avoided Power
Generation

Production input coefficients of the Electric Power
Generation - Fossil Fuel sector → Proportionally
Decrease

6

Reduced Fuel Cost
of Avoided Power
Generation

Reduce the Input Coefficient of Oil and gas
Extraction for Electric Power Generation - Fossil
Fuel sector → Decrease

7

Avoided Purchase of
Electricity from the Grid

Input Coefficient of the Electric Power Transmission
and Distribution for Hospitals, Professional, and
Technical Services, and Junior Colleges, Colleges,
Universities, and Professional Schools sectors →
Decrease
Coefficient in the Household Row of the
Corresponding Column of the Affected
Commercial/Industrial sectors → Increase.
Note: The latter (change of the coefficient in the household row) represents the increase in profit (a portion
of capital-related income) of the businesses. It is
further assumed that only 20% of the ownership of
equity of enterprises is in state. Therefore, only 20%
of the profit increase is used to change the coefficient in the household row.
(Continued)
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Table 6 Cont.
#

Direct costs or savings

Approach to modeling total impact in I-O

8

Avoided Allowance
Costs, Generation and
Distribution Capacity
Cost Savings of the
Electricity Generating
Sector

Input Coefficient of Electric Power Transmission and
Distribution for Electric Power Generation - Fossil
Fuel sector → Decrease

9

Costs of the Design
and Planning of the
Microgrid

Production Input Coefficient of Professional,
Scientific, and Technical Services for Hospitals,
Professional, and Technical Services, and Junior
Colleges, Colleges, Universities, and Professional
Schools sectors → Increase.
Coefficient in the Household Row of These Sectors →
Decreased (on the basis of the same assumption as
in #6).

10 Capital and O&M Cost of

Production Input Coefficients for Hospitals,
Professional and Technical Services, and Junior
Colleges, Colleges, Universities, and Professional
Schools sectors for the following ones: Other
Electrical Equipment, Appliance, and Component
Manufacturing, Iron, Steel Pipe and Tube
Manufacturing from Purchased Steel, Turbine and
Turbine Generator Set Units Manufacturing, Other
Engine Equipment Manufacturing, Semiconductor
and Related Device Manufacturing, Storage
Battery Manufacturing → Increase
Coefficient in the Household row of These Sectors →
Decrease (based on the similar assumption in #6).

11 Fuel Cost of the Microgrid

Production Input Coefficient of Natural Gas
Distribution for Hospitals, Professional and
Technical Services, and Junior Colleges, Colleges,
Universities, and Professional Schools sectors →
Increase
Coefficient in the Household Row of These Sectors →
Decrease (based on the similar assumption in #6).

12 Utility Cost Reallocation

Input Coefficient of the Electric Power Transmission
and Distribution for all Commercial and Industrial
sectors → Increase

the Microgrid

to Other Ratepayers due
to Electricity Savings of
Microgrid

(Continued)
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Table 6 Cont.
#

Direct costs or savings

Approach to modeling total impact in I-O

13 Opportunity Cost of State

Input Coefficient of the Electric Power Transmission
and Distribution for all Commercial and Industrial
sectors → Increase

14 Decreased Demand of

Final Demand for Electric Power Generation - Fossil
Fuel sector → Decrease

15 Decreased Demand of

Final Demand for Oil and Gas Extraction sector →
Decrease

Incentives

Electricity

NG due to Avoided
Electricity Generation

ers are injected as direct stimulus impacts into the I-O Model. For example, it is
possible that only a portion of the Microgrid equipment is produced within the
state, while the remaining portion is imported from outside of the state. For the
latter, since it represents a pure investment outflow from the standpoint of the
state economy, it is removed from the direct stimulus effect by the application of
the RPCs.
In the second version of the simulation, we do not make the RPC adjustment
to the Microgrid project equipment manufacturing and construction sectors, in
order to simulate policies that could be implemented to encourage or even require
the purchase of equipment from in-state producers. This would ensure a greater
retention and circulation (and thus the stimulus effect) of the investment funding
within the state economy.
Tables 7 and 8 present the simulation results for six key years for the following
indicators: gross output, value-added, labor income, and employment. Note that
we run the I-O simulation by multiplying the Leontief inverse matrix (matrix of
total input requirements) of the adjusted A matrix (technical coefficient matrix) by
the final demand change vector. The adjustments to the A matrix are conducted
using the method illustrated in rows 5 to 13 in Table 6. Since it is cumbersome to
separate out the impacts of production input coefficient changes from the total
impact, in Table 7, we only present the decomposition of the following impacts
based on the simulation using the adjusted A matrix: 1) Impact of Reduced
Electricity Demand (row 14 in Table 6); 2) Net Impact of Changes in NG Demand
(net impacts of row 4 and row 14 in Table 6); 3) Impact of Microgrid Investment
(rows 1 to 3 in Table 6).
If we compare the results obtained from the IMPLAN I-O simulation with those
from the REMI simulation, we find:
1. For the IMPLAN I-O simulation where the default RPCs are applied to the
final demand vector, we obtained similar results in the Microgrid capital
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Table 7 IMPLAN I-O model simulation results of the stylized microgrid project: Applying
IMPLAN default RPCs (in million 2014$ for output, value-added, and labor income; and in
jobs for employment).
NPV or ave
annual job
2017 2019 2024 2029 2034 2038
impact
Output Impact (millions 2014$)
Impact of Net Change in
Electricity Demand

0.0

–3.5

–7.3

–9.0

–8.9

–9.8

–75.6

Impact of Net Change in NG
Demand

0.0

9.6

10.0

10.7

11.2

11.9

106.8

Impact of Microgrid
Investment

1.9

21.8

0.0

0.3

0.0

0.0

19.0

Total Impact

1.9

27.9

2.7

1.9

2.2

2.1

50.2

Value-Added Impact (millions 2014$)
Impact of Net Change in
Electricity Demand

0.0

–1.5

–3.1

–3.8

–3.8

–4.1

–31.9

Impact of Net Change in NG
Demand

0.0

4.4

4.6

4.9

5.2

5.5

49.4

Impact of Microgrid
Investment

1.3

13.2

0.0

0.2

0.0

0.0

11.7

Total Impact

1.3

16.2

1.5

1.3

1.4

1.4

29.1

Impact of Net Change in
Electricity Demand

0.0

–0.9

–2.0

–2.4

–2.4

–2.6

–20.2

Impact of Net Change in NG
Demand

0.0

2.0

2.1

2.3

2.4

2.5

22.7

Impact of Microgrid
Investment

0.8

8.3

0.0

0.1

0.0

0.0

7.3

Total Impact

0.8

9.4

0.2

0.0

0.0

–0.1

9.9

Income Impact (millions 2014$)

(Continued)
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Table 7 Cont.
NPV or ave
annual job
2017 2019 2024 2029 2034 2038
impact
Employment Impact (jobs)
Impact of Net Change in
Electricity Demand

0

–20

–41

–50

–50

–54

–36

Impact of Net Change in NG
Demand

0

29

31

33

34

36

27

Impact of Microgrid Investment

12

123

0

1

0

0

6

Total Impact

12

132

–10

–16

–15

–18

–4

Table 8 IMPLAN I-O model simulation results of the stylized microgrid project: Assuming
100% RPCs for microgrid spending sectors (in million 2014$ for output, value-added, and
labor income; and in jobs for employment).
NPV or ave
annual job
2017 2019 2024 2029 2034 2038
impact
Output Impact (millions 2014$)
Impact of Net Change in
Electricity Demand

0.0

–3.5

–7.3

–9.0 –8.9

–9.8

–75.6

Impact of Net Change in NG
Demand

0.0

9.6

10.0

10.7 11.2

11.9

106.8

Impact of Microgrid Investment

2.1

57.7

0.0

0.7

0.0

0.0

47.5

Total Impact

2.1

63.7

2.7

2.4

2.2

2.1

78.7

–3.8 –3.8

–4.1

–31.9

Value-Added Impact (millions 2014$)
Impact of Net Change in
Electricity Demand

0.0

–1.5

–3.1

Impact of Net Change in NG
Demand

0.0

4.4

4.6

4.9

5.2

5.5

49.4

Impact of Microgrid Investment

1.5

27.5

0.0

0.3

0.0

0.0

23.4

Total Impact

1.5

30.4

1.5

1.5

1.4

1.4

40.8
(Continued)
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Table 8 Cont.
NPV or ave
annual job
2017 2019 2024 2029 2034 2038
impact
Income Impact (millions 2014$)
Impact of Net Change in
Electricity Demand

0.0

–0.9

–2.0

–2.4 –2.4

–2.6

–20.2

Impact of Net Change in NG
Demand

0.0

2.0

2.1

2.3

2.4

2.5

22.7

Impact of Microgrid Investment

0.9

19.5

0.0

0.2

0.0

0.0

16.2

Total Impact

0.9

20.5

0.2

0.1

0.0

–0.1

18.7

Impact of Net Change in
Electricity Demand

0

–20

–41

–50

–50

–54

–36

Impact of Net Change in NG
Demand

0

29

31

33

34

36

27

Impact of Microgrid Investment

13

294

0

3

0

0

13

Total Impact

13

303

–10

–14

–15

–18

4

Employment Impact (jobs)

investment year (Year 2019) as those in the REMI simulation. The valueadded impact is estimated to be $16.2 million in the IMPLAN I-O simulation, and the GDP impact is estimated to be $10.4 million in the REMI
simulation.
2. There are big differences in the results for the noninvestment years (2020–
2038) between the IMPLAN I-O and REMI simulations. The IMPLAN
I-O simulation yields slightly net positive economic impacts of about a
$1.5 million average annual increase of value added. The REMI simulation yields steadily increasing positive impacts between 2020 and 2038,
reaching a GDP increase of about $18.6 million by 2038. This is primarily because, although we simulate production cost changes for the electric
power generation sector through changes of the input coefficients of this
sector in the I-O analysis, the corresponding price impacts and the passthrough effects to the customer sectors cannot be captured by the standard
I-O model. Similarly, the full impacts of the net savings (the net impacts of
electricity savings and Microgrid costs) of the Microgrid sectors cannot be
fully captured by the I-O model.
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3. The I-O simulation that assumes 100% RPCs for all sectors results in much
higher positive impacts in the investment year. The estimated increase of
value-added in 2019 is about $30.4 million. It is not surprising to see the
larger positive impact when we assume that 100% of the investment stimulus effects take place within the state.

5.3
5.3.1

Application of the RIMS II Model
Simulation Approach

Since the RIMS II Model only provides the multipliers by sector for the state economy, but not the underlying I-O table, only the impacts listed in Table 9 can be
simulated using this model.
5.3.2

Simulation Results

Table 10 presents the simulation results of the six key years in terms of the
same set of indicators as in the IMPLAN I-O analysis. Since the RIMS II Model
does not provide the information on sectoral RPCs, the simulation by default
assumes that 100% of the direct impact/final demand change will generate
the multiplier effects. The simulation results yielded by the RIMS II Model are
similar to the results from the IMPLAN I-O Model in which 100% RPCs are
assumed for the Microgrid spending sectors in the investment implementation
years. For the noninvestment years, the RIMS II Model yields a net negative
GDP impact of about $2.7 million, while the IMPLAN I-O Model (with default
RPCs applied) yields a net positive GDP impact of about $2.3 million. Two reasons can help explain the difference. First, when calculating the indirect impact
of the decreased electricity demand, the multipliers of the Fossil Fuel Electric
Power Generation sector are used in the IMPLAN I-O analysis. The Type II output multiplier of this sector is 1.3004. In the RIMS II Model, the multipliers of
Electric Power Generation, Transmission, and Distribution sector is used, since
the Model does not provide multipliers for more disaggregated Electric Power
Generation sectors by different technology. The Type II output multiplier for
the Electric Power Generation, Transmission, and Distribution sector is 1.4976.
Therefore, given the same direct impact of reduced electricity demand, the
RIMS II Model yields higher negative indirect impacts. Second, for the indirect
impact of increased demand for natural gas by the Microgrid sectors, the multipliers of Natural Gas Distribution sector are used in both the IMPLAN Model
and the RIMS II Model. The Type II output multiplier of this sector is 1.5374
in IMPLAN and 1.4216 in RIMS II. Therefore, given the same direct impact of
increased Natural Gas demand, RIMS II Model yields lower positive indirect
impacts. Combining these two effects, the RIMS II Model yields slightly negative impacts in noninvestment years, while the IMPLAN Model yields slightly
positive impact in the noninvestment years.
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6

Comparison of the Simulation Results in the Three Models

In Table 11, we compare the simulation results from the three models in terms of
the Employment, GDP, gross output and personal income impacts for three key
years (Microgrid capital investment year, mid-year of the Microgrid operation
period, and end year of the Microgrid project, respectively) and the NPV (or average annual impact) of the four economic indicators.
Table 9 Modeling approach for using the RIMS II model for impact analysis.
Approach of modeling total impact using RIMS II
multipliers

#

Direct costs or savings

1

Investment in Feasibility
Study for the Microgrid

Apply the multipliers of Environmental and Other
Technical Consulting Services sector to the final
demand change

2

Investment in Initial Design
and Planning of the
Microgrid

Apply the multipliers of Environmental and Other
Technical Consulting Services sector to the final
demand change

3

Upfront Capital Investment
on Microgrid Equipment

Apply the multipliers of the following sectors to
the final demand change:
• All other miscellaneous electrical equipment
and component manufacturing
• Relay and industrial control manufacturing
• Steel product manufacturing from purchased
steel
• Turbine and turbine generator set units
manufacturing
• Other engine equipment manufacturing
• Semiconductor and related device
manufacturing
• Storage battery manufacturing
• Nonresidential structures construction

4

Increased Demand of NG of
the Microgrid System

Apply the multipliers of Natural Gas Distribution
sector to the final demand change

5

Decreased Demand of
Electricity

Apply the multipliers of Electric Power Generation,
Transmission, and Distribution sector to the final
demand change

6

Decreased Demand of
NG due to Avoided
Electricity Generation

Apply the multipliers of Oil and Gas
Extraction sector to the final demand
change
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Table 10 RIMS II model simulation results of the stylized microgrid project
(in million 2014$ for output, value-added, and labor income and in jobs for
employment).

2017 2019 2024 2029

2034

2038

NPV or ave
annual job
impact

Output Impact (millions 2014$)
Impact of Net Change in
Electricity Demand

0.0

–4.8

–9.9

–12.3 –12.1 –13.3

–101.3

Impact of Net Change in NG
Demand

0.0

8.0

8.4

8.9

9.3

9.9

89.1

Impact of Microgrid
Investment

2.2

61.5

0.0

0.7

0.0

0.0

50.7

Total Impact

2.2

64.8

–1.6

–2.6

–2.8

–3.4

38.4

Value-Added Impact (millions 2014$)
Impact of Net Change in
Electricity Demand

0.0

–2.8

–5.7

–7.1

–7.0

–7.7

–58.5

Impact of Net Change in NG
Demand

0.0

3.2

3.4

3.6

3.7

4.0

35.8

Impact of Microgrid
Investment

1.3

29.0

0.0

0.3

0.0

0.0

24.2

Total Impact

1.3

29.5

–2.4

–3.2

–3.3

–3.7

1.5

Impact of Net Change in
Electricity Demand

0.0

–0.9

–1.8

–2.3

–2.2

–2.5

–18.8

Impact of Net Change in NG
Demand

0.0

1.4

1.4

1.5

1.6

1.7

15.3

Impact of Microgrid
Investment

0.8

15.8

0.0

0.2

0.0

0.0

13.2

Total Impact

0.8

16.3

–0.4

–0.6

–0.6

–0.8

9.8

Income Impact (millions 2014$)

(Continued)
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Table 10 Cont.

2017 2019 2024 2029

2034

2038

NPV or ave
annual job
impact

Employment Impact (jobs)
Impact of Net Change in
Electricity Demand

0

–14

–28

–35

–35

–38

–25

Impact of Net Change in NG
Demand

0

21

22

24

25

26

19

Impact of Microgrid
Investment

16

290

0

3

0

0

13

Total Impact

16

298

–6

–8

–10

–12

7

Comparing the simulation results of the three models, several key findings can
be summarized below:
• For the Microgrid capital investment year (Year 2019):
• The RIMS II Model yields the highest positive economic impact among
the three models. This is because the RIMS II Model does not include
information on sectoral RPCs, which would adjust multipliers downward for import demand. Therefore, by applying the Type II multipliers
to the direct investment impact, the simulation implicitly assumes that
100% of the direct impact/final demand change will generate multiplier
effects within the state economy. If we compare the RIMS II Model results
with the results from the IMPLAN Model with the assumption of 100%
RPCs for the Microgrid spending sectors (see Table 8), the two models
yield very similar results for the investment year (e.g., the RIMS II Model
estimates a value-added impact of $29.5 million, while the IMPLAN
Model estimates a value-added impact of $30.4 million, for 2019).
• The REMI Model yields the lowest positive economic impact among
the three models. This is primarily because, in addition to the total
effects of the Microgrid capital investment spending and the total
effects of changes in electricity demand and natural gas demand (that
can be adequately simulated in all three models), the REMI Model is
the only model that is capable of simulating the price impact and its
pass-through effects of the various changes to the production cost and/
or capital cost of the Microgrid affected sectors. These include, for
example, the changes in the generation and distribution costs of the
Electric Power Generation sector, increased capital cost of the Microgrid
DOI: 10.7569/JSEE.2016.629517
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10.7
85

Personal Income M 2014$

Employment

Jobs

19.0

M 2014$

Gross Output

10.4

M 2014$

GDP

4

14.7

14.1

8.9

7

20.9

29.4

18.6

2019 2029 2038

Units

Variable

REMI

3

130.1

125.0

78.7

NPV or
jobs/yr

132

9.4

27.9

16.2

–16

0.0

1.9

1.3

–18

–0.1

2.1

1.4

2019 2029 2038

–4

9.9

50.2

29.1

NPV or
jobs/yr

IMPLAN (default RPCs)

Table 11 Comparison of the simulation results in REMI, IMPLAN and RIMS II models.

298

16.3

64.8

29.5

2019

–8

–0.6

–2.6

–3.2

–12

–0.8

–3.4

–3.7

2029 2038

RIMS II

7

9.8

38.4

1.5

NPV or
jobs/yr
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sectors, the cost reallocation effects to other ratepayers stemming from
the Microgrid electricity savings, and the opportunity cost of the state
incentives on the Microgrid project.
• For the noncapital investment year (years 2020 to 2038):
• The RIMS II Model yields a net negative average annual value-added
impact of about $2.7 million, while the IMPLAN Model yields a net
positive average annual value-added impact of about $1.5 million. As
discussed in Section V.E., the difference in the results can be explained
by the difference in the values of the Type II multipliers of the two models that are used in the analysis: 1) the total negative impact from the
reduced electricity demand is calculated by applying the Type II Output
multiplier of the Fossil Fuel Electric Power Generation sector (1.3004) in
IMPLAN and the Type II multiplier of the Electric Power Generation,
Transmission, and Distribution sector in RIMS II (1.4976) (no multipliers
for more disaggregated Electric Power Generation sectors are available
in RIMS II); 2) the total positive impact from the net increased natural
gas demand is calculated by applying the multipliers of Natural Gas
Distribution sector in both models. The Type II Output multiplier of this
sector is 1.4216 in RIMS II and 1.5374 in IMPLAN.
• The REMI simulation yields steadily increasing positive impacts
between 2020 and 2038, reaching a GDP increase of about $18.6 million
by 2038. The difference between the REMI simulation results and the
results from the IMPLAN and RIMS II models can again be explained by
the fact that REMI can more adequately simulate the price impact and
the cost pass-through effects of the various changes to the production
cost and/or capital cost of the Microgrid affected sectors. As can be seen
from the decomposition analysis in Section V.C., both the electricity fuel
cost savings of the Microgrid participating sectors and the cost savings
of the Utilities sector from the avoided generation, as well as the corresponding pass-through effects to all ratepayers represent the two highest positive impacts on the economy. These two effects more than offset
the negative impacts from the increased capital cost of the Microgrid
participating sectors, the cost reallocation effects to other ratepayers
stemming from the Microgrid electricity savings, and the opportunity
cost of the state incentives on the Microgrid project.
• As a summary evaluation of the three models:
• All of these three models have the capability to perform ordinary
demand-side multiplier impact analysis. However, only the REMI
Model is also capable of capturing the price-quantity interactions (e.g.,
the responses of producers and consumers to price signals, and the
cost pass-through effects to downstream customer sectors). One thing
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that needs to be noted, however, is that as mentioned in Section V.C.,
some extra steps are necessary to correct the missing linkage between
the changes in Capital Cost and Production Cost of the Utilities sector
and the cost pass-through effects to its downstream Commercial and
Industrial customer sectors in REMI.
• As a dynamic model, REMI is suited to analyze the year-to-year economic impact of the Microgrid project over the future course of its entire
project period. The future trend of economic and demographic development of the state is embedded in the model’s baseline forecast. In contrast, as static economic impact models, IMPLAN and RIMS II do not
have the forecasting capability. In this study, we simply apply the 2014
I-O model (or multipliers) to the final demand change vector for each
individual future year to obtain the total economic impacts for the entire
project period. The implicit assumption is that the production technology and economic structure of the state economy will not have significant changes over the next 24 years, which is a very crude assumption
for a medium-term economic impact analysis.
• Compared to the IMPLAN and RIMS II models, one major less favorable
feature of the current REMI Model is its sectoring scheme. The REMI
Model used in this study has 70 sectors. At the 70-sector scheme, the
Electric Power Generation, Transmission, and Distribution, Natural Gas
Distribution, and Water, Sewage, and Other Systems are aggregated
into one Utilities sector. The accuracy of the analysis can be enhanced
if a 169-sector REMI Model can be used, in which the three sub-Utility
sectors are separated. This is because the Microgrid project results in
changes in the capital, O&M, and fuel costs of the power generation sector, as well as impacts on the natural gas supply sector, as the latter is the
fuel used for the Microgrid system. Only by using the 169-sector REMI
Model, can the indirect impacts be simulated for the appropriate sectors.

7

Conclusion

This paper evaluates three models (REMI, IMPLAN, and RIMS II) capable of estimating the macroeconomic impacts of Microgrid projects. All three models are
widely used in macroeconomic impact analysis in the U.S., including many prior
applications to evaluating the total economic impacts of constructing and operating a broad range of energy technologies. The simulation results of a stylized
Microgrid project vary across the three models we evaluate. All three models indicate net positive economic impacts in the Microgrid investment implementation
year. The RIMS II Model yields the highest positive impact primarily because the
application of the model implicitly assumes that 100% of the Microgrid equipment
is purchased from in-state producers, and thus generates higher multiplier effects
within the state economy.
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The simulation results differ more across the three models in noninvestment
years. Both IMPLAN and RIMS II estimate very small net impacts (either slightly
positive or slightly negative) each year over the entire Microgrid operating period.
The difference in the results between these two models can be explained by the
difference in the values of their Type II multipliers. The REMI Model yields the
highest positive impacts in the noninvestment years. This is primarily due to the
fact that in addition to the ordinary multiplier effects, REMI can also capture the
price impact and the cost pass-through effects of various changes to the production costs and/or capital cost of the Microgrid affected sectors, which generate
overall net positive impacts in the noninvestment years.
Given its dynamic features and forecasting capability, REMI has superior
capabilities among the three models to estimate the year-to-year macroeconomic
impact of the Microgrid project over the future course of its entire project period.
However, this advantage applies primarily to the accuracy of the baseline forecast
and the absolute level of macro indicators. This does not carry over as strongly to
concluding that the REMI Mode is superior to the other two in estimating the relative macro impacts (changes from the baseline).
The IMPLAN and RIMS II Models have been applied to their maximum capability. However, the REMI Model can be further enhanced by using the 169-sector
version rather than the 70-sector model available to the researchers. The former
disaggregates the Utilities sector into three subsectors: Electric Power Generation,
Transmission, and Distribution, Natural Gas Distribution, and Water, Sewage, and
Other Systems, and thus can more accurately simulate the indirect effects stemming
from the direct impacts of the sectors that have such a strong bearing on the results.
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Appendix A. Sensitivity Cases
We run four sensitivity analysis cases in the REMI Model to examine how the
changes in key design parameters and assumptions would affect economic impacts
of the Microgrid project.
Sensitivity Case 1. No Cost Reallocation
In the Base Case, in order to cover the fixed costs of the Utilities sector, it is assumed
that electricity savings accrued by the Microgrid participating sectors are partly
offset by a cost reallocation to other ratepayers. In this sensitivity analysis, we
eliminate this cost reallocation component in the simulation. This also means that
the Utilities sector will experience a larger amount of revenue (or sale) reduction.
Table A1 provides a comparison of the simulation results of the Base Case and the
four sensitivity cases presented in this section. Compared to the Base Case, the
no-cost reallocation sensitivity case yields an NPV of the GDP impact about $50
million higher than in the Base Case. If we decompose this difference, elimination
of the cost-reallocation effect increases the NPV of the GDP impact by about $200
million, while the increased loss of revenue of the Electric Power Generation sector
reduces the NPV of the GDP impact by about $150 million.
Sensitivity Case 2. Investment Displacement
In the Base Case analysis, we assume that 100% of the investment in Microgrid
will be additive to the state economy. In the sensitivity analysis, we assume that
50% of the investment in Microgrid will displace ordinary private investment of
the Microgrid sectors that will otherwise take place without the Microgrid project.
This sensitivity case is simulated by adding the following three additional components in the REMI simulation in addition to the components presented in Table 2.
Interestingly, this sensitivity case yields lower GDP impact, but higher positive
employment impact, compared to the Base Case. The higher stimulus impact on
employment is caused by the fact that with reduced Factor Productivity, producing the same amount of output would require higher amount the primary factor
inputs (including labor).
Sensitivity Case 3. A Community-wide Microgrid
In the Base Case, the Microgrid is assumed to be operated by large entities (such
as hospitals and medical research institutes) in the local community. In this sensitivity case, we simulate the impact of a community-wide Microgrid, in which a
diverse set of customers own the Microgrid. Such a scenario would entail project
costs being paid by—and all benefits being redistributed to—all community members in the Microgrid area, which is assumed to be a moderately dense, mixed-use
area. We utilize the proportions of electricity sales to Residential, Commercial, and
Industrial sectors in the state to determine the composition of the R, C, and I sectors in this hypothetical Microgrid community.
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Linkage

Microeconomic
quantification
results

Economic variable
selection in REMI

Positive or
negative
stimulus to
the economy

1

Avoided Capital
Cost on Ordinary
Investment for
Microgrid Sectors

Compensation, Prices, and
Costs Block → Capital
Cost (amount) for
Hospitals, Professional
and Technical Services,
and Educational Services
sectors → Decrease

Positive

2

Foregone Stimulus
Effect of Microgrid
Sector Ordinary
Investment

Output and Demand Block
→ Investment Spending
Equipment and
Intellectual Property
Products → Decrease
Output and Demand
Block → Exogenous
Final Demand (amount)
for Construction sector
→ Decrease

Negative

3

Foregone
Productivity
Improvement
from Displaced
Ordinary
Investmenta

Labor and Capital
Demand Block →
Factor Productivity
(percent) for Hospitals,
Professional and
Technical Services, and
Educational Services
sectors → Decrease

Negative
to GSP;
Positive to
Employment

The lost productivity improvement per $1 billion investment for the Hospital sector is
computed by using the average annual percentage change in labor productivity and the
average annual amount of Gross Private Domestic Fixed Investment over the last 10 historical years (2004–2013) obtained from the REMI Model.

a

The results indicate that this sensitivity case yields higher positive impacts on
the state economy compared to the Base Case. Based on the decomposition analysis results, we found that this sensitivity case yields about $70 million higher GDP
NPV gains from electricity fuel cost savings of the Microgrid sectors than in the
Base Case, while the total GDP losses stemming from the bearing of the cost of the
Microgrid are only about $25 million higher in the sensitivity case than in the Base
Case. Therefore, combining these two effects, the net GDP impact of the sensitivity
case is about $45 million higher than in the Base Case.
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Sensitivity Case 4. Multinational Firm Operation
In this sensitivity case, we simulate the impact of a Microgrid that is run as a service by a large, multinational energy project developer, such as General Electric,
Siemens, Hitachi, Constellation, or another comparable firm, who would build,
own, and operate a Microgrid at a community site. Such a scenario would entail
project costs being paid by, and all modeled benefits accruing to, this developer.
We decide to use three REMI sectors (with even weights) to represent the main
businesses of this multinational company: Electrical Equipment and Appliance
Manufacturing, Computer and Electronic Product Manufacturing, and Specialty
Trade Contractors (included under Construction sector). The following approach
is adopted to simulate this sensitivity case:
1. Split the direct costs (capital, O&M, fuel costs) of Microgrid evenly among
the three REMI sectors and enter them into the REMI Model using economic variables such as Capital Cost and Production Cost.
2. Split the direct savings (electricity bill reduction) evenly among the three
REMI sectors and enter them into the Model using the Production Cost
variable
3. Calculate the net savings (direct savings minus direct costs) of the
Microgrid project. This represents the profit to the company. We assume
that only 6.5% of the equity share of the company is in state (i.e., only 6.5%
of shareholders of the company live in the state). We then reduce in-state
personal consumption by 1 - 6.5% = 93.5% of the net savings (profit). This is
because even if all the profit will be paid out by the company (as opposed
to retaining the earnings), 93.5% of the profit will be paid to the shareholders outside of the state. In other words, very little of a foreign firms profits
will be spent in the state and will, therefore, have a relatively much smaller
stimulus effect from the net cost saving than would a firm that was primarily owned by the state residents.
Interestingly, the results indicate that this sensitivity case yields higher positive
impacts on the state economy compared to the Base Case. Based on the decomposition analysis results, we found that this sensitivity case yields about $486 million
higher NPV of GDP gains from electricity fuel cost savings of the Microgrid sectors than in the Base Case, while the total GDP losses stemming from the bearing
of the cost of the Microgrid are about $373 million higher in the sensitivity case
than in the Base Case. Even after we factor in the effects of profit (net savings of
operating the Microgrid) outflows to outside of the state because of the ownership
of the multinational company in this case, which is a negative $40 million of GDP
impact, the net GDP impact of the sensitivity case is still about $73 million higher
than in the Base Case.
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Units

Jobs

Millions of 2014$

Millions of 2014$

Millions of 2014$

Variable

Total Employment

Gross Domestic
Product

Output

Disposable
Personal Income
130

125

79

3

Base case

263

249

131

61

No cost
reallocation

123

51

34

30

Investment
displacement

181

204

124

63

Community
microgrid

Table A1 Simulation results of the sensitivity cases (NPV in millions of 2014$ over the time period of
2015–2038 or average annual job impact).

140

248

152

54

International
firm
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Appendix B. REMI Model Sectoring Scheme
Sector #

Description

NAICS

1

Forestry and logging; Fishing, hunting, and trapping

113–114

2

Agriculture and forestry support activities

115

3

Oil and gas extraction

211

4

Mining (except oil and gas)

212

5

Support activities for mining

213

6

Utilities

22

7

Construction

23

8

Wood product manufacturing

321

9

Nonmetallic mineral product manufacturing

327

10

Primary metal manufacturing

331

11

Fabricated metal product manufacturing

332

12

Machinery manufacturing

333

13

Computer and electronic product manufacturing

334

14

Electrical equipment and appliance manufacturing

335

15

Motor vehicles, bodies and trailers, and parts manufacturing

3361–3363

16

Other transportation equipment manufacturing

3364–3369

17

Furniture and related product manufacturing

337

18

Miscellaneous manufacturing

339

19

Food manufacturing

311

20

Beverage and tobacco product manufacturing

312

21

Textile mills; Textile product mills

313–314

22

Apparel manufacturing; Leather and allied product
manufacturing

315–316

23

Paper manufacturing

322

24

Printing and related support activities

323
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Sector #

Description

25

Petroleum and coal products manufacturing

324

26

Chemical manufacturing

325

27

Plastics and rubber product manufacturing

326

28

Wholesale trade

42

29

Retail trade

30

Air transportation

481

31

Rail transportation

482

32

Water transportation

483

33

Truck transportation

484

34

Couriers and messengers

492

35

Transit and ground passenger transportation

485

36

Pipeline transportation

486

37

Scenic and sightseeing transportation; Support activities for
transportation

38

Warehousing and storage

493

39

Publishing industries, except Internet

511

40

Motion picture and sound recording industries

512

41

Internet publishing and broadcasting; ISPs, search portals,
and data processing; Other information services

42

Broadcasting, except Internet

515

43

Telecommunications

517

44

Monetary authorities - central bank; Credit intermediation
and related activities; Funds, trusts, & other financial
vehicles

45

Securities, commodity contracts, investments

523

46

Insurance carriers and related activities

524

47

Real estate

531
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Sector #

Description

NAICS

48

Rental and leasing services; Lessors of nonfinancial intangible assets

532,533

49

Professional, scientific, and technical services

54

50

Management of companies and enterprises

55

51

Administrative and support services

561

52

Waste management and remediation services

562

53

Educational services

61

54

Ambulatory health care services

621

55

Hospitals

622

56

Nursing and residential care facilities

623

57

Social assistance

624

58

Performing arts and spectator sports

711

59

Museums, historical sites, zoos, and parks

712

60

Amusement, gambling, and recreation

713

61

Accommodation

721

62

Food services and drinking places

722

63

Repair and maintenance

811

64

Personal and laundry services

812

65

Membership associations and organizations

813

66

Private households

814

67

State and Local Government

NA

68

Federal Civilian

NA

69

Federal Military

NA

70

Farm

111–112

DOI: 10.7569/JSEE.2016.629517
J. Sustainable Energy Eng., Vol. 4, No. 2, December 2016

175

Dan Wei and Adam Rose: Evaluating Modeling Approaches for Analyzing Macroeconomic Impacts

Appendix C. IMPLAN I-O Model Sectoral Aggregation Scheme
NAICS

IMPLAN
Sector

Crop Production

111

1–10

2

Animal Production

112

11–14

3

Forestry and Logging

113

15–16

4

Fishing, Hunting and Trapping

114

17–18

5

Support Activities for Agriculture
and Forestry

115

19

6

Oil and Gas Extraction

211, 213111, 213112

20–21, 37, 38

7

Coal Mining

2121

22

8

Other Mining

212, 213 except for
2121, 213111,
213112

23–36, 39–40

9

Electric Power Generation – Fossil
Fuel

221112

42

10

Electric Power Generation
– Renewable

221114 to 221117

41,44,45,46,47

11

Electric Power Generation – All other

221113 & 221118

43,48

12

Electric Power Transmission and
Distribution

22112

49

13

Natural Gas Distribution

2212

50

14

Water, Sewage and Other Systems

2213

51

15

Construction of New Power and
Communication Structures

23

54

16

Other Construction

23

52, 53, 55–61

17

Maintenance and Repair
Construction

23

62–64

18

Food Manufacturing

311

65–105

Sector #

Description

1
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NAICS

IMPLAN
Sector

Beverage and Tobacco Product
Manufacturing

312

106–111

20

Textile Mills

313

112–118

21

Textile Product Mills

314

119–123

22

Apparel Manufacturing

315

124–130

23

Leather and Allied Product
Manufacturing

316

131–133

24

Wood Product Manufacturing

321

134–145

25

Paper Manufacturing

322

146–153

26

Printing and Related Support
Activities

323

154–155

27

Petroleum and Coal Products
Manufacturing

324

156–160

28

Chemical Manufacturing

325

161–187

29

Plastics and Rubber Products
Manufacturing

326

188–198

30

Nonmetallic Mineral Product
Manufacturing

327

199–216

31

Iron, Steel Pipe and Tube
Manufacturing from Purchased
Steel

33121

218

32

Other Primary Metal Manufacturing

331

217, 219–230

33

Fabricated Metal Product
Manufacturing

332

231–261

34

Turbine and Turbine Generator Set
Units Manufacturing

333611

283

35

Other Engine Equipment
Manufacturing

333618

286

36

Other Machinery Manufacturing

333

262–300

Sector #

Description

19
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Sector #

Description

NAICS

IMPLAN
Sector

37

Semiconductor and Related Device
Manufacturing

334413

309

38

Other Computer and Electronic
Product Manufacturing

334

301–308,
310–324

39

Storage Battery Manufacturing

335911

336

40

Other Electrical Equipment,
Appliance, and Component
Manufacturing

335

325–335,
337–342

41

Transportation Equipment
Manufacturing

336

343–367

42

Furniture and Related Product
Manufacturing

337

368–378

43

Miscellaneous Manufacturing

339

379–394

44

Wholesale Trade

42

395

45

Motor Vehicle and Parts Dealers

441

396

46

Furniture and Home Furnishings
Stores

442

397

47

Electronics and Appliance Stores

443

398

48

Building Material and Garden
Equipment and Supplies Dealers

444

399

49

Food and Beverage Stores

445

400

50

Health and Personal Care Stores

446

401

51

Gasoline Stations

447

402

52

Clothing and Clothing Accessories
Stores

448

403

53

Sporting Goods, Hobby, Book, and
Music Stores

451

404

54

General Merchandise Stores

452

405

55

Miscellaneous Store Retailers

453

406
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NAICS

IMPLAN
Sector

Nonstore Retailers

454

407

57

Air Transportation

481

408

58

Rail Transportation

482

409

59

Water Transportation

483

410

60

Truck Transportation

484

411

61

Transit and Ground Passenger
Transportation

485

412

62

Pipeline Transportation

486

413

63

Scenic and Sightseeing
Transportation and Support
Activities for Transportation

487

414

64

Couriers and Messengers

492

415

65

Warehousing and Storage

493

416

66

Publishing Industries (except
Internet)

511

417–422

67

Motion Picture and Sound Recording
Industries

512

423–424

68

Broadcasting (except Internet)

515

425–426

69

Telecommunications

517

427–429

70

Data Processing, Hosting and Related
Services

518

430

71

Other Information Services

519

431–432

72

Credit Intermediation and Related
Activities

521–522

433–434

73

Securities, Commodity Contracts,
and Other Financial Investments
and Related Activities

523

435–436

74

Insurance Carriers and Related
Activities

524

437–438

Sector #

Description

56
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NAICS

IMPLAN
Sector

Funds, Trusts, and Other Financial
Vehicles

525

439

76

Real Estate

531

440

77

Rental and Leasing Services

532

442–445

78

Lessors of Nonfinancial Intangible
Assets (except Copyrighted
Works)

533

446

79

Scientific research and development
services

5417

456

80

Professional, Scientific, and Technical
Services

541

447–455,
457–460

81

Management of Companies and
Enterprises

551

461

82

Administrative and Support Services

561

462–470

83

Waste Management and Remediation
Service

562

471

84

Junior colleges, colleges, universities,
and professional schools

6112–3

473

85

Other Educational Services

611

472, 474

86

Ambulatory Health Care Services

621

475–481

87

Hospitals

622

482

88

Nursing and Residential Care
Facilities

623

483–484

89

Social Assistance

624

485–487

90

Performing Arts, Spectator Sports,
and Related Industries

711

488–492

91

Museums, Historical Sites, and
Similar Institutions

712

493

92

Amusement, Gambling, and
Recreation Industries

713

494–498

Sector #

Description

75
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NAICS

IMPLAN
Sector

Accommodation, including Hotels
and Motels

721

499–500

94

Food Services and Drinking Places

722

501–503

95

Repair and Maintenance

811

504–508

96

Personal and Laundry Services

812

509–512

97

Religious, Grantmaking, Civic,
Professional, and Similar
Organizations

813

513–516

98

Private Households

814

517

99

Government and Non-NAICS

NA

491

100

Owner occupied dwellings

NA

441

Sector #

Description

93
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