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Abstract4

The increasing deployment of distributed energy resources (DER) has acceler-

ated the transition toward clean and sustainable energy systems, while rais-

ing concerns about equitable energy access among heterogeneous consumers.

In distributed energy systems (DES), the distribution of economic benefits is

determined by pricing mechanisms such as Net Energy Metering (NEM) and

Feed-in Tariff (FiT). While these mechanisms have been extensively studied for

renewable energy integration and economic efficiency, their effects on surplus

distribution and equity remain underexplored. To address this gap, this paper

presents a systematic analytical framework to evaluate the surplus distribution

and equity impacts of NEM and FiT in DES. The analysis explicitly links pric-

ing mechanism design to individual consumer net benefits and equitable energy

access. It assesses distributional outcomes using a Rawlsian equity criterion

that prioritizes improvements for the least-advantaged participants. Case-wise

comparative analysis is conducted to identify conditions under which NEM or

FiT leads to more equitable outcomes, supported by numerical validation on a

standard IEEE PES open dataset. The results highlight inherent trade-offs be-

tween efficiency and equity and provide analytical insights to support the design

of pricing mechanisms that promote fair, affordable, and sustainable DES.
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1. Introduction7

The rapid growth of distributed energy resources (DERs), particularly rooftop8

photovoltaic generation, has played a key role in advancing the transition to9

clean, sustainable energy systems [1]. Pricing mechanisms such as Net En-10

ergy Metering (NEM) and Feed-in Tariff (FiT) are widely adopted to support11

this transition and have been shown to accelerate renewable deployment [2].12

However, as distributed energy systems (DES) expand, growing evidence indi-13

cates that the distribution of economic benefits from these mechanisms is not14

shared equitably among consumers, raising concerns about equitable energy15

access [3, 4]. Most existing studies evaluate NEM and FiT using efficiency,16

adoption incentives and cost savings [5]. However, existing studies fail to ex-17

amine how economic benefits are distributed across consumers, even though18

mechanisms that maximize total social welfare may still result in unequal dis-19

tribution. As a result, the equity implications of pricing mechanisms remain20

inadequately examined, highlighting a significant gap. To address this gap, this21

paper adopts a Rawlsian equity framework, which prioritizes improvements for22

the least-advantaged participants, to systematically analyze and compare NEM23

and FiT mechanisms to promote equitable energy access in DES.24

1.1. Related Work25

Recent studies highlight the role of pricing mechanisms in integrating DES26

where past studies focused mostly on its implications for system efficiency degra-27

dation, renewable energy adoption and overall economic viability [2, 6]. The28

existing literature reveals that FiT schemes promote the use of renewable en-29

ergies through guaranteed compensation and reduced investment risk [7, 8]. In30

contrast, NEM emerged as a widely adopted alternative that allows consumers31

to offset electricity consumption through self-generation, thereby encouraging32

prosumers’ participation [9]. Subsequent studies compared NEM and FiT from33

a techno-economic and a regulatory view comparing their effect on the adop-34

tion incentives, utility revenues and costs at system-level [10]. These studies35
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point out a number of challenges such as cross-subsidization [11] and cost shift-36

ing, particularly under NEM where non participating consumers may bear a37

disproportionately large share of network costs [12]. Notably, [13] stressed on38

the fact that adoption gaps coupled with racial, ethnic and income boundaries39

lead to inequitable energy affordability outcomes. Furthermore, several stud-40

ies highlighted that unequal adoption of rooftop solar leads to inequity in the41

United States (U.S.) and other countries [14, 15]. While these studies provide42

important insights into the sustainability of tariffs and economic efficiency, they43

often do not discuss how the economic benefits are distributed across various44

consumer groups.45

In parallel, an increasing body of research has documented ongoing inequal-46

ity in electricity affordability and the energy burden. Reports from various47

sources, such as the 2017 American Housing Survey [16] and the U.S. Energy48

Information Administration (2022) [17], show that low-income households and49

consumers without access to distributed generation have a high energy burden50

and spend a larger percentage of income on electricity bills. These inequalities51

are further aggravated in DES, as the pricing structure is more favorable to52

consumers with generation assets, thereby affecting the affordability and energy53

access of non-participating consumers [18, 19]. Due to these inequalities, low-54

income consumers experience higher costs of energy, disproportionately carrying55

a higher energy burden, and also experiencing financial instability, which affects56

the quality of life & overall affordability [20]. To analyze these, various studies57

have used consumer surplus or net benefits as metrics to evaluate efficiency and58

welfare benefits in electricity pricing systems [21]. However, these surplus-based59

analyses are primarily used to assess total welfare and but do not systematically60

develop an analytical framework to evaluate equity under NEM and FiT pricing.61

Additionally, some prior work emphasized the need to rethink energy pricing62

from an equity perspective [22] and suggested structural and targeted policies,63

as well as financial aid to support low-income consumers [23, 24]. Despite exten-64

sive work, existing studies do not analyze or develop an analytical framework to65

examine the impact of current pricing on Social welfare and the equitable distri-66
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bution of benefits, thereby highlighting a significant research gap. Furthermore,67

integrated techno-economic assessments of pricing policies that jointly consider68

equity and Social Welfare Function (SWF) remain underexplored.69

This gap highlights the need to develop an analytical framework for compar-70

ative analysis of how existing NEM and FiT pricing mechanisms differ in their71

impacts on integrated social welfare and equity outcomes in DES. This paper72

addresses this gap by analytically comparing NEM and FiT using a Rawlsian73

equity criterion, which emphasizes outcomes for the least-advantaged partici-74

pants, thereby providing a systematic assessment of integrated social welfare75

and equitable energy access in DES.76

1.2. Summary of Contributions and Paper Organization77

This work contributes to existing research by performing a comparative anal-78

ysis of NEM and FiT pricing mechanisms with respect to overall social welfare79

and equity. The main contributions of this work are summarized as follows:80

1. Analysis of Payment & Individual Surplus: This contribution contains a com-81

parative analysis of consumer level payment & Individual surplus (net benefit82

after electricity consumption and bill payment) under both NEM and FiT mech-83

anisms. The analysis examines the effect of pricing formulations on individual84

consumer net benefits and offers a structural analytical comparison to identify85

conditions in which one mechanism results in lower payments and higher net86

benefits than the other.87

2. Equity Analysis: This work provides an analytical Rawlsian equity approach88

to evaluate the effect of pricing on the distribution of consumer surplus. It89

relates the payment structure to net-benefit inequality, allowing a comparative90

analysis of equity under both NEM & FiT mechanism.91

3. Numerical Validation: The analytical results are verified through numerical92

evaluation using a standard IEEE PES open dataset, showing the consistency93

between the analytical conditions and the observed equity outcome under vari-94

ous pricing mechanisms.95

This paper is organized as follows: Section II describes the Problem Formu-96
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Figure 1: Schematic of the Distributed Energy System

lation, which includes the NEM and FiT pricing and the formulation of surplus.97

Section III discusses performance metrics for equity evaluation. Section IV pro-98

vides a mathematical analysis and the main result. The numerical validation is99

presented in Section V. Finally, Section VI provides a concluding remark.100

2. Problem Formulation101

This section describes the schematic models of the DES: Subsection A de-102

scribes FiT pricing formulation, Subsection B describes NEM pricing formula-103

tion, and Subsection C describes surplus and welfare formulations for further104

equity analysis.105

Figure 1 illustrates the DES comprisingN prosumers and presents the overall106

analytical framework for evaluating the equity implications of NEM and FiT107

pricing mechanisms. The physical layer consists of multiple prosumers (indexed108

by i = 1, . . . , N), each characterized by electricity demand di and solar PV109

generation gi [25]. The net energy consumption zi of each consumer is calculated110

as shown in Eq. (2.1),111

zi = di − gi (2.1)

5

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=6482006

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



A positive zi (di > gi) indicates net energy consumption from the utility grid,112

while a negative zi (gi > di) indicates excess generation for export and the113

aggregate net energy consumption ztotal of the DES is given in Eq. (2.2),114

ztotal = z1 + z2 + · · ·+ zN =

N∑
i=1

zi (2.2)

The Power flows between prosumers and the utility grid are shown by solid lines,115

while dashed lines represent information and settlement signals. Based on the116

measured net consumption zi, the payment calculation module determines the117

consumer-level payment Pi using the NEM and FiT. These pricing formulations118

directly influence how exported and imported energy is valued. Using the re-119

sulting payment (Pi,NEM,FiT), the individual surplus (net benefit) (Si) [26], for120

each consumer is computed as,121

Si = Ui(di)− Pi,NEM,FiT (2.3)

where, Ui(di) represents the utility derived from electricity consumption. The122

resulting individual surplus (Si), obtained from utility function (Ui(di)) & the123

payment (Pi,NEM, FiT) is sent to the equity assessment module, where a Rawlsian124

equity-based evaluation is performed to analyze the equity across consumer125

under NEM & FiT pricing mechanism. This framework allows an analytical126

comparison of how different pricing mechanisms influence individual consumer127

surplus and overall equity.128

The following subsection presents the payment and surplus formulations for129

NEM and FiT with details on how individual payments are computed as a130

function of demand di and renewable generation gi, which serve as the basis for131

subsequent equity analysis.132

2.1. Feed-in Tariff133

In the feed-in tariff mechanism, consumers pay for electricity demand at134

the import rate (π+) and receive credits for their electricity generation at the135

export rate (π-) [7, 8]. The net payment (PFiT
i ) for each prosumer i over a136
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billing period is shown in Eq. (2.3):137

PFiT
i = π+ · di − π- · gi (2.4)

where di and gi are the electricity demand and generation, respectively.138

2.2. Net Energy Metering139

In this mechanism, the payment to each consumer i is determined based on140

the net energy difference (di − gi) for the billing period. If the energy demand141

(di) exceeds the energy generated (gi), the consumer pays for the deficit (di−gi)142

at the import rate π+. If the energy generated (gi) exceeds consumption (di),143

the consumer is credited for the excess (gi − di) at the export rate π− [9, 10].144

The net payment (PNEM
i ) is calculated as shown in Eq. (2.5):145

PNEM
i =

π+ · (di − gi), if di ≥ gi (net import)

π− · (di − gi), if di < gi (net export)

(2.5)

With this calculation, the payment is directly based on the net energy difference146

(di − gi) during the billing period.147

2.3. Individual Surplus and Social Welfare Formulation148

For each consumer i, individual surplus (Si) is the net benefit derived from149

energy consumption di, given in Eq. (2.6),150

Si(di, zi) = Ui(di)︸ ︷︷ ︸
utility of consumption

− Pi(zi)︸ ︷︷ ︸
payment

(2.6)

where, Ui(di) is the utility associated with energy consumption di, Pi is the151

payment, derived from a pricing mechanism (NEM or FiT). The optimal demand152

for each consumer i is subject to individual load and generation constraints and153

results in different consumption profiles [27]. The utility function Ui(di) is154

modeled as shown in Eq. (2.7),155

Ui(di) = ci · log(di) (2.7)
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Here, ci represents the consumer-specific utility factor, used to reflect hetero-156

geneity in benefit perception across all consumers. This logarithmic utility func-157

tion is widely adopted in energy economics to depict diminishing marginal util-158

ity, which represents the decreasing rate of consumer satisfaction, as the energy159

consumption di increases [27, 28]. The Social Welfare Function (SWF) [26, 27],160

of the total DES is obtained by aggregating the individual surpluses Si for all161

consumers as shown in Eq. (2.8),162

SWF =
∑
i

Si =
∑
i

(Ui(di)− Pi) (2.8)

Based on this formulation, the net surplus of each consumer (Si) and the total163

SWF of the system can be quantified and compared directly under NEM and164

FiT.165

3. Evaluation Metric166

This section describes the metric used to assess each pricing mechanisms167

performance in reducing inequality to achieve a more equitable distribution of168

surplus benefits.169

• Rawlsian Equity (RE): RE, which is based on John Rawls’ definition of170

justice as fairness, focuses on fairness as measured by the comparison171

of the minimum individual surplus with the mean surplus of the rest of172

other consumers. This ratio emphasizes the relative position of the least173

advantaged consumer and ensures that increases in resource allocations174

pay much attention to their well-being. It is used as an index to measure175

equity in a distribution [27, 29, 30, 31]. The RE metric is expressed as176

shown in Eq. (3.2),177

REX =
SX
min

SX
mean

(3.1)

where: SX
min is the minimum surplus under mechanismX, SX

mean = 1
N−1

∑
j ̸=kX

SX
j178

is the mean surplus of rest others, for mechanism X, N is the total number179

of consumer, and kX is the index of the minimum surplus under X. A180

8

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=6482006

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



higher RE value indicates a more equitable distribution, where the surplus181

of the least advantaged closely matches the mean surplus of others.182

4. Mathematical Analysis and Main Results183

This section presents the mathematical analysis and main results for NEM184

and FiT mechanism, individual surplus, and equity in surplus distribution, to185

assess their welfare and equity impacts within the system. For analytical com-186

parison, it is assumed that consumption (di) remains the same under both NEM187

and FiT mechanisms.188

4.1. Analytical Comparison of Payments Under NEM and FiT189

This subsection compares the payments made by prosumer i under NEM190

and FiT using the formulations introduced earlier in section 2.191

Theorem 1 (Payment Analysis: NEM vs FiT). For any prosumer i with de-192

mand di and generation gi, and prices π+ ≥ π−, the payment under FiT is193

greater than or equal to the payment under NEM:194

PNEM
i ≤ PFiT

i , (4.1)

with strict inequality whenever di > 0 and π+ ≥ π−.195

Proof. We consider all possible operating conditions.196

Case 1: Net Consumption (di > gi). Under NEM, the payment is197

PNEM
i = π+(di − gi) = π+di − π+gi

Under FiT, the payment is198

PFiT
i = π+di − π−gi

The difference in payments is199

∆P = PNEM
i − PFiT

i

9
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200

∆P = (π+di − π+gi)− (π+di − π−gi)
201

∆P = gi(π
− − π+) (4.2)

Since π+ ≥ π− and gi ≥ 0, we have ∆P ≤ 0. Thus,202

PNEM
i ≤ PFiT

i .

Case 2: Net Export (di < gi). Under NEM, the payment (negative indicates203

net credit) is204

PNEM
i = π−(di − gi) = π−di − π−gi

Under FiT, the payment is205

PFiT
i = π+di − π−gi.

The payment difference is206

∆P = PNEM
i − PFiT

i
207

∆P = (π−di − π−gi)− (π+di − π−gi)
208

∆P = di(π
− − π+) (4.3)

Since π+ ≥ π− and di ≥ 0, it follows that ∆P ≤ 0. Hence,209

PNEM
i ≤ PFiT

i .

Case 3: Exact Balance (di = gi). Under NEM,210

PNEM
i = 0.

Under FiT,211

PFiT
i = π+di − π−di = (π+ − π−)di ≥ 0 (4.4)

Therefore,212

PNEM
i ≤ PFiT

i

Thus, across all three operating conditions, the payment under NEM remains213

less than or equal to that under FiT. Hence, the inequality214

PNEM
i ≤ PFiT

i

holds for operating conditions, which concludes the proof.215
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4.2. Analytical Comparison of Surplus Under NEM and FiT216

We already define the surplus Si = Ui(di) − Pi, where the utility function217

is written as, Ui(di) = ci log(di), which depends only on the consumption level218

di. Since the utility term Ui(di) remains unchanged under NEM and FiT, any219

difference in consumer surplus arises solely from differences in the payment220

formulations.221

Theorem 2 (Surplus Analysis: NEM vs FiT). Let π+ ≥ π− be the import and222

export prices, and let consumer i have demand di and generation gi. Then,223

SNEM
i ≥ SFiT

i (4.5)

for all operating conditions, with strict inequality whenever π+ ≥ π− and di > 0.224

Proof. We use the case-wise payment formulas and the definition SX
i = Ui(di)−225

PX
i .226

Case 1: Net consumption (di > gi). Under NEM, Surplus:227

SNEM
i = Ui(di)− PNEM

i = Ui(di)− π+di + π+gi

Surplus Under FiT:228

SFiT
i = Ui(di)− PFiT

i = Ui(di)− π+di + π−gi

Difference:229

∆S = SNEM
i − SFiT

i
230

∆S =
(
Ui(di)− π+di + π+gi

)
−
(
Ui(di)− π+di + π−gi

)
231

∆S = gi(π
+ − π−) ≥ 0 (4.6)

So SNEM
i ≥ SFiT

i , strictly if gi > 0 and π+ ≥ π−.232
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Case 2: Net export (di < gi). Under NEM, Surplus:233

SNEM
i = Ui(di)− PNEM

i = Ui(di)− π−di + π−gi

Under FiT, Surplus:234

SFiT
i = Ui(di)− PFiT

i = Ui(di)− π+di + π−gi

Difference:235

∆S = SNEM
i − SFiT

i
236

∆S =
(
Ui(di)− π−di + π−gi

)
−

(
Ui(di)− π+di + π−gi

)
237

∆S = di(π
+ − π−) ≥ 0 (4.7)

So again SNEM
i ≥ SFiT

i , strictly if di > 0 and π+ ≥ π−.238

Case 3: Exact balance (di = gi). Under NEM, payment: PNEM
i = 0; therefore,239

SNEM
i = ci log(di)

Under FiT, payment:240

PFiT
i = π+di − π−di = (π+ − π−)di,

and surplus:241

SFiT
i = ci log(di)− (π+ − π−)di.

Difference:242

∆S = SNEM
i − SFiT

i
243

∆S = ci log(di)−
(
ci log(di)− (π+ − π−)di

)
244

∆S = (π+ − π−)di ≥ 0 (4.8)

Therefore,245

SNEM
i ≥ SFiT

i .

Thus, across all three operating conditions, the surplus under NEM is greater246

than or equal to that under FiT. Hence, the inequality247

SNEM
i ≥ SFiT

i

holds for all operating conditions, with strict inequality whenever π+ ≥ π−,248

thereby completing the proof.249
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4.3. Analytical Comparison of Rawlsian Equity Under NEM and FiT250

This subsection presents the Rawlsian Equity (RE) expressions under NEM251

and FiT and uses them to analyze the equity performance under the two mech-252

anisms.253

NEM:. For the net-import case (di ≥ gi)254

RENEM =
Uk − π+(dk − gk)

1
N−1

∑
i ̸=k

[
Ui − π+(di − gi)

] (4.9a)

255

=
ck log(dk)− π+(dk − gk)

1
N−1

∑
i̸=k

[
ci log(di)− π+(di − gi)

] =
SNEM
min

SNEM
mean

=
A

B

For the net-export case (di < gi)256

RENEM =
Uk − π−(dk − gk)

1
N−1

∑
i ̸=k

[
Ui − π−(di − gi)

] (4.9b)

257

=
ck log(dk)− π−(dk − gk)

1
N−1

∑
i ̸=k

[
ci log(di)− π−(di − gi)

] =
SNEM
min

SNEM
mean

=
A

B

where, k denotes the minimum-surplus consumer, with dk and gk denoting the258

minimum-surplus consumer’s consumption and generation, and indices i ̸= k259

denote all the other consumers, with di and gi denoting their respective con-260

sumption and generation. Here,261

A = SNEM
min = ck log(dk)− π±(dk − gk)

and262

B = SNEM
mean =

1

N − 1

∑
i̸=k

[
ci log(di)− π±(di − gi)

]
denote the minimum surplus consumer and the average surplus of the rest of263

the other consumers in NEM and π± denotes the applicable NEM price defined264

in (2.2), i.e., π+ for di ≥ gi (net import) and π− for di < gi (net export).265

FiT:.

REFiT =
Uk − π+dk + π−gk

1
N−1

∑
i ̸=k

[
Ui − π+di + π−gi

] (4.10)

266

=
ck log(dk)− π+dk + π−gk

1
N−1

∑
i̸=k

[
ci log(di)− π+di + π−gi

] =
SFiT
min

SFiT
mean

=
C

D

13
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where, similarly,267

C = SFiT
min = ck log(dk)− π+dk + π−gk

and268

D = SFiT
mean =

1

N − 1

∑
i ̸=k

[
ci log(di)− π+di + π−gi

]
represent the minimum surplus consumer and the average surplus of the rest of269

the other consumers in FiT.270

To make FiT more equitable than NEM require,271

REFiT > RENEM ⇐⇒ C

D
>

A

B
⇐⇒ (

SFiT
min

SFiT
mean

) > (
SNEM
min

SNEM
mean

) (4.11)

Equivalently,272

C B > AD ⇐⇒ (SFiT
min) (S

NEM
mean) > (SNEM

min ) (SFiT
mean) (4.12)

• If C B > AD ⇒ FiT is more equitable than NEM.273

• If C B < AD ⇒ NEM is more equitable than FiT.274

• If C B = AD ⇒ both mechanisms have the same Rawlsian equity.275

4.3.1. Rawlsian Equity Analysis: NEM vs FiT276

Case 1: Net-Consumption. (dk > gk & davg > gavg)277

Rawlsian equity under NEM is written as,278

RENEM =
Uk − π+(dk − gk)

1
N−1

∑
i ̸=k

[
Ui − π+(di − gi)

]
Define the averages over all consumers except k, for simplification,279

Uavg =
1

N − 1

∑
i̸=k

Ui

280

davg =
1

N − 1

∑
i ̸=k

di, gavg =
1

N − 1

∑
i̸=k

gi,

Using these averages, the above NEM equity expression can be written as,281

RENEM =
Uk − π+dk + π+gk

Uavg − π+davg + π+gavg
(4.13)
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Introduce short notations for the common terms in the consumption components282

of surplus,283

M := Uk − π+dk, M̂ := Uavg − π+davg

Then,284

RENEM =
M + π+gk

M̂ + π+gavg
=

A

B
(4.14)

Similarly, Rawlsian Equity under FiT is,285

REFiT =
Uk − π+dk + π−gk

Uavg − π+davg + π−gavg
=

M + π−gk

M̂ + π−gavg
=

C

D
(4.15)

Theorem 3 (Rawlsian Equity Ordering). Assume that π+ ≥ π− and gavg ≥ gk.286

Then FiT yields higher Rawlsian Equity than NEM if and only if,287

M gavg > M̂ gk

Proof. The condition that FiT is more equitable than NEM (CB > AD) is288

therefore,289

M + π−gk

M̂ + π−gavg
>

M + π+gk

M̂ + π+gavg
(4.16)

Cross–multiplying the two fractions yields,290

(M + π−gk)(M̂ + π+gavg) > (M + π+gk)(M̂ + π−gavg)

Expanding both sides and cancelling common terms in MM̂ gives,291

M π+ gavg + M̂ π− gk > M π− gavg + M̂ π+ gk

Rearranging the inequality to group M–terms on the left and M̂–terms on the292

right gives,293

M gavg (π
+ − π−) > M̂ gk (π

+ − π−) (4.17)

Since the import rate exceeds the export rate (π+ ≥ π−), we can divide by the294

positive factor (π+ − π−) and obtain the final condition, which results in FiT295

yields a more Rawlsian equitable distribution of surplus in Case 1 is,296

M gavg > M̂ gk (4.18)

297
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4.4. Interpretation of the Equity Condition298

The derived condition for FiT to improve Rawlsian equity is,299

M gavg > M̂ gk (4.18)

where, the terms M and M̂ denote the net utility of the worst-off consumer300

and the average net utility of the remaining consumers, respectively, while gk301

and gavg denote the corresponding generation levels of the minimum-surplus302

consumer and the average generation of the rest of the other consumers. To303

interpret this condition, first note that the ordering gavg > gk holds by construc-304

tion. The worst-off consumer k is defined as the one with the minimum surplus,305

and surplus is increasing in generation under both NEM and FiT. Hence, a306

consumer with a higher generation cannot be the worst off when another con-307

sumer has a lower generation. The worst-off consumer must therefore have the308

minimum generation level, i.e., gk = mini gi. By definition of an average, the309

mean generation of the remaining consumers therefore satisfies gavg ≥ gk, with310

strict inequality in non-degenerate systems. The key question is thus whether311

differences in generation are sufficiently larger than differences in net utility.312

This condition indicates that FiT enhances Rawlsian equity when the rel-313

ative difference in generation levels across consumers exceeds the variation in314

their net utility levels, leading to the dominance of the term M gavg > M̂ gk.315

This situation is common in DES where generation assets like rooftop photo-316

voltaic systems are unevenly distributed among consumers because of capital317

constraints, housing characteristics, access to incentives, etc., resulting in large318

variations in generation levels. In contrast, differences in consumption-based319

utility are mitigated by the concavity of the utility function, significant vari-320

ations in consumption level lead to relatively smaller variations in net utility321

across consumers, making the distribution less dispersed. As a result, consumer322

generation levels typically exhibit greater variation than their corresponding323

net utility levels. Consequently, the product term (M gavg) is likely to be larger324

than (M̂ gk), suggesting that the derived condition is expected to hold in many325

practical distributed energy systems.326
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Figure 2: Monthly comparison of the analytical terms (M gavg) and (M̂ gk)

This interpretation is supported by the empirical results shown in Fig. 2,327

which compare the two analytical terms (M gavg) and (M̂ gk), over the twelve-328

month period. In the dataset considered, the minimum-surplus consumer does329

not have distributed generation, resulting in gk = 0. As a result, the term (M̂ gk)330

remains zero, while the term (M gavg) varies according to the monthly gener-331

ation levels of the remaining consumers and remains strictly positive through-332

out the year. As shown in figure 2, the term (M gavg) consistently domi-333

nates the term (M̂ gk) in all the months indicating that the derived condition334

M gavg > M̂ gk holds for the entire time period covered in the study.335

Furthermore, even in scenarios where the minimum-surplus consumer has a336

small amount of generation (gk > 0), the structural ordering gavg ≥ gk, typically337

holds in DES due to heterogeneous generation ownership. Since the variation338

in net utility levels remains relatively limited, while generation levels can differ339

substantially across consumers, the product term (M gavg) still exceeds (M̂ gk).340

This observation provides strong empirical support for the derived condition and341

explains why the FiT mechanism consistently yields higher Rawlsian equity than342
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NEM in the numerical results, as shown in Table 4 below.343

4.5. Discussion of Other Operating Cases344

The Rawlsian equity result above relies on a structural feature of the net-345

consumption case-1 (dk > gk, & davg > gavg): the worst-off consumer must346

also have the minimum generation level, which implies gavg > gk. This prop-347

erty makes the equity comparison between NEM and FiT in Case-1 clear and348

tractable. In other operating conditions, however, this structural ordering does349

not generally hold. In the net-export case-2 (dk < gk & davg < gavg), the equity350

comparison involves consumption rather than generation, leading to conditions351

such as,352

M davg > M̂ dk (4.19)

where,353

M := Uk + π−gk, M̂ := Uavg + π−gavg (4.20)

and it depends on utility and generation. Unlike generation, consumption does354

not admit a monotone ordering with respect to surplus, so the worst-off con-355

sumer need not have the lowest or highest consumption level. Therefore, no356

general inequality between davg and dk can be derived without extra assump-357

tions. As a result, the equity ordering between NEM and FiT in these other358

cases becomes data-dependent and cannot be expressed in a simple analytical359

form.360

5. Numerical Validation361

This section presents the numerical validation of the payment, surplus, and362

equity analysis under the NEM and FiT pricing mechanisms, as discussed in363

earlier sections.364

The numerical validation is conducted using the IEEE PES Open Dataset,365

which comprises electricity consumption and Solar PV generation profiles for 15366

prosumers at 15-minute resolution over the full year of 2019. The study period367

covers the entire year of 2019, and the billing period is one month [32]. The368
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15-minute resolution time-series data is aggregated into monthly energy values369

to compute the payment using the NEM & FiT mechanism, as shown in Table 1.370

Each consumer’s utility is expressed as a logarithmic function of demand (di).371

Based upon these formulations, individual surplus for each member is computed372

using the corresponding utility & payment obtained under the NEM and FiT373

pricing mechanism. These surplus values are then used to further calculate the374

Rawlsian equity metric, which is used for comparative equity analysis.

Table 1: Community Monthly Total Consumption and Generation

Month (a) (b) (a)–(b)

1 9 675.45 2 889.70 6 787.75

2 8 387.95 3 450.77 4 937.18

3 9 220.98 5 276.72 3 944.25

4 8 558.83 5 049.03 3 509.79

5 8 607.93 6 541.01 2 066.92

6 8 239.93 5 665.33 2 574.60

7 8 727.03 6 043.65 2 683.38

8 7 651.57 6 193.44 1 458.13

9 8 191.39 5 121.49 3 069.90

10 9 206.38 3 342.20 5 864.18

11 8 991.04 1 796.34 7 194.69

12 9 631.67 1 947.33 7 684.35

Total 105 090.14 53 317.02 51 773.12

(a) Energy consumption (kWh) (b) Energy generation (kWh)

375

Figure 3 shows the daily load profiles for two representative days (01/01/2019376

and 02/01/2019) used in case study. The shaded area measures the value of the377

aggregated demand of all consumers at each time periods, and the solid line378

is the corresponding average demand per consumer. The profile reflects the379

typical variation in electricity consumption over a day, with reduced demand380
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Figure 3: Daily demand profiles (total and average load per consumer): (a) left—01/01/2019;

(b) right—02/01/2019.

Figure 4: Daily solar PV generation (total and average generation): (a) left—01/01/2019; (b)

right—02/01/2019.

during the early hours of the day and increasing demand towards mid-day with381

higher demands observed during evening periods. The variation in peak levels382

and overall shape between the two days indicates the day to day variation within383

the natural load pattern considered in the analysis.384

Following the daily demand patterns shown in Figure 3, Figure 4 shows the385

daily solar PV generation for the same representative days. The shaded region386

indicates the total aggregated PV output of the prosumers, and the solid line387

represents the average generation. As observed, PV generation occurs only dur-388

ing daylight hours, rising after sunrise, reaching its maximum around midday,389

and decreasing toward evening. The differences in peak level and profile shape390
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Figure 5: Daily total energy consumption (left) and PV generation (right) in January 2019

with the corresponding monthly average.

between the two days capture the typical intermittency of solar PV generation.391

These generation profiles, combined with the corresponding load data, are used392

to calculate net energy consumption and form the basis for subsequent payment,393

surplus, and equity analysis.394

Figure 5 shows the aggregated total energy consumption and solar PV gen-395

eration for January 2019, which illustrates the variation within the month. The396

daily consumption is comparatively steady with moderate fluctuations while PV397

generation is more variable from day to day due to changing solar conditions.398

A few days have generation levels that are noticeably higher or lower due to the399

inherent natural variability of the resources. These monthly trends are used in400

further payment and equity analysis.401

5.1. Results402

This subsection shows the numerical results of the payment, surplus, and403

equity analysis under the NEM & FiT mechanism. The corresponding results404

are shown in the following tables to facilitate the comparative analysis under405

both NEM & FiT mechanisms. The payment results shown in Table 2 are align406

with the previous analytical comparison, which showed that payments under FiT407

are greater than or equals to those under NEM across all operating cases. The408

numerical results confirm that NEM leads to reduced monthly payments, but409

the amount by which NEM reduce payments varies from month to month. This410
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Table 2: Monthly Payment Savings Under NEM Compared to FiT

Month (a) (b) (c) (d)

1 2 613.66 2 035.72 577.94 22.11

2 2 171.31 1 481.15 690.15 31.78

3 2 239.48 1 184.14 1 055.34 47.12

4 2 061.88 1 052.07 1 009.80 48.97

5 1 928.27 620.07 1 308.20 67.84

6 1 905.44 772.37 1 133.06 59.46

7 2 013.74 805.01 1 208.73 60.02

8 1 676.94 438.26 1 238.68 73.86

9 1 945.26 920.96 1 024.29 52.65

10 2 427.69 1 759.25 668.44 27.53

11 2 517.67 2 158.40 359.26 14.26

12 2 694.76 2 305.30 389.46 14.45

Total 26 196.16 15 532.76 10 663.40 40.70

(a) FiT payment ($) (b) NEM payment ($)

(c) Payment savings (c = a− b) ($) (d) Percentage savings (d = c/a) (%)

variation follows the demand generation balance shown in Table 1. In months411

where distributed generation makes a greater contribution to total consumption,412

it shows higher levels of payment savings under NEM than FiT as seen for413

months such as 5 & 8. In contrast, if generation is relatively low, the difference414

between the two mechanisms will be less pronounced, as seen in months 11415

& 12. The annual totals in Table 2 show that NEM results in much lower416

payments than FiT and it results in an overall saving of about 40.70%. These417

findings indicate that the relative economic benefit of NEM depends on the418

profile of monthly demand generation, which influences individual surplus and419

equity outcomes.420

The surplus results shown in Table 3 are align with the analytical condition421

of Theorem 2 and the previous payment comparison. The analysis indicate that422
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Table 3: Monthly Surplus Benefits under NEM Relative to FiT

Month (a) (b) (c) (d)

1 5 464.89 4 886.95 577.94 10.58

2 5 859.99 5 169.83 690.15 11.78

3 6 265.01 5 209.66 1 055.34 16.85

4 6 296.18 5 286.37 1 009.81 16.04

5 6 730.11 5 421.91 1 308.20 19.44

6 6 499.23 5 366.17 1 133.07 17.43

7 6 555.24 5 346.51 1 208.73 18.44

8 6 747.43 5 508.74 1 238.69 18.36

9 6 379.53 5 355.23 1 024.30 16.06

10 5 629.87 4 961.43 668.44 11.87

11 5 282.01 4 922.74 359.27 6.80

12 5 267.82 4 878.36 389.47 7.39

Overall SWF 72 977.29 62 313.89 10 663.40 14.61

(a) Surplus under NEM (b) Surplus under FiT

(c) Surplus benefits c = a− b (d) Percentage benefits d = c/a (%)

individual consumer surplus under NEM is higher than or equal those under FiT,423

for all operating case, as observed in the numerical results across all months.424

The amount of surplus improvement changes over time and is consistent with425

the demand generation balance summarized in Table 1. Months with relatively426

higher distributed generation, which showed larger payment reductions under427

NEM (Table 2), also exhibit greater surplus gains, as observed in months such428

as 5 & 8. In contracts, when generation is lower relative to consumption, the429

surplus gap between the two mechanisms becomes less pronounced, as observed430

in months such as 11 & 12. As a result, the overall SWF is higher under NEM431

than FiT, reflecting higher monthly surplus observed under NEM. The annual432

totals reported in Table 3 show that NEM provides higher consumer surplus433

than FiT across the year, with an overall surplus improvement of about 14.61%.434
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These findings suggest that the analytical surplus comparison is supported by435

numerical validation and that differences in payments directly translate into436

variations in consumer surplus, forming the basis for the subsequent equity437

analysis.438

Table 4: Monthly Rawlsian equity and analytical terms (M gavg) and (M̂ gk)

Month (a) (b) (c) (d) (e) (f)

1 0.106 0.119 11.85 39 654 0 39 654

2 0.313 0.355 13.61 147 090 0 147 090

3 0.293 0.353 20.66 225 649 0 225 649

4 0.331 0.397 19.70 245 095 0 245 095

5 0.373 0.465 24.86 420 033 0 420 033

6 0.416 0.507 21.88 354 365 0 354 365

7 0.278 0.343 23.16 257 721 0 257 721

8 0.359 0.442 23.19 347 913 0 347 913

9 0.403 0.482 19.78 304 523 0 304 523

10 0.356 0.406 13.86 155 589 0 155 589

11 0.452 0.487 7.55 98 996 0 98 996

12 0.486 0.527 8.28 114 793 0 114 793

(a) RENEM (b) REFiT (c) Equity gain, (c = b− a/a) (%)

(d) (M gavg) (e) (M̂ gk) (f) Difference, (f = d− e)

Table 4 presents the monthly Rawlsian equity indices under NEM and FiT,439

along with the corresponding equity gains and the relative disparity in gen-440

eration levels and the variation in their net utility level. A higher Rawlsian441

equity index means that the minimum surplus is closer to the average surplus442

of the other consumers, indicating improved distribution sensitive performance.443

The results demonstrate that Rawlsian equity under FiT is more than under444

NEM in every month leading to a positive equity gain over the entire study445

period. Moreover, the analytical term (M gavg) is substantially higher than446

(M̂ gk) throughout the dataset, stating that the derived condition holds in all447

observed scenarios. This numerical evidence is consistent with the theoretical448
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result and explains the increased Rawlsian equity observed under the FiT mech-449

anism. The variation in equity gain follows the analytical pattern, as illustrated450

in Figure 2. In particular, months 5, 7, and 8 show relatively higher values451

(M gavg) compared to (M̂ gk), resulting in a higher equity gain under the FiT452

mechanism. In contrast, for months 11 and 12, although the value of (M gavg)453

remains relatively high, but, the percentage equity gain is lower. This is be-454

cause the gain also depends upon the baseline Rawlsian equity under NEM, as455

reported in Table 4.456

In summary, the numerical results satisfy the analytical condition M gavg >457

M̂ gk across all months considered in the dataset. The empirical evaluation458

therefore supports the theoretical result that the FiT mechanism leads to higher459

Rawlsian equity than NEM. Overall, the numerical results consistent with the460

analytical findings and validate the derived equity condition.461

6. Conclusion and Future Work462

This work provides a structured analytical framework for NEM and FiT pric-463

ing mechanisms, with emphasis on individual surplus (net benefits) and Rawl-464

sian equity outcomes, in DES. The analytical results indicate that the payments465

under NEM are less than or equal to those under FiT across all operating cases.466

Consequently, the surplus analysis shows that consumer surplus under NEM is467

greater than or equal to that under FiT. These analytical results are supported468

by numerical validation using a standard IEEE PES open dataset, confirming469

the analytical results with the numerical observations. Beyond economic perfor-470

mance, the study evaluates the distribution of benefits using a Rawlsian equity471

index to assess how individual surplus is distributed across consumers. The472

case-wise equity analysis indicates that FiT consistently achieves higher Rawl-473

sian equity values than NEM, indicating a more equitable surplus distribution.474

The variation observed in equity outcomes is linked to the relative magnitude475

of analytical term (M gavg) and (M̂ gk). The numerical results confirm that476

M gavg > M̂ gk holds across the dataset. In particular, this condition is satis-477
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fied in the net-consumption case (di > gi), which represents the most common478

operating case observed in practical DES, indicating that FiT is likely to provide479

higher Rawlsian equity than NEM.480

Overall, the results suggest that the design of the pricing mechanism has481

implications for both economic efficiency as well as distribution of benefits to482

consumers, hence affecting equitable energy access. These findings highlight483

the importance of integrating an equity-aware assessment framework into dis-484

tributed energy pricing to ensure equitable distribution of benefits and promote485

sustainable development goals.486
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