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Can Distributed Generation Reduce Future Grid Investments?1

Nicolas ASTIER2   Ram RAJAGOPAL3   Frank A. WOLAK4

Distributed generation units produce electricity directly on end-consumers’ premises and could therefore be more cost-efficient than utility-scale 
facilities if they were to allow significant savings on future grid investments. This article discusses empirical evidence from France suggesting that 
distributed wind and solar units alone are, however, unlikely to lead to substantial savings in future grid investments.
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Introduction

Increasing the share of electricity from wind and so-
lar resources and electrifying sectors that traditionally 

consume fossil fuels such as transport and space heating is 
the current consensus path to reduce global greenhouse gas 
emissions. These wind and solar resources may be deployed 
as large ‘utility-scale’ facilities connected to the high-volt-
age transmission network or as smaller but more numer-
ous ‘distributed’ units connected to a distribution network 
much closer to final consumers (Figure 1). Because the two 
approaches have different strengths and weaknesses, which 
is the most cost-efficient way to increase renewable elec-
tricity consumption is highly debated.

Figure 1: The difference between utility-scale and dis-
tributed generation (adapted from U.S. Department of 
Energy)

Utility-scale wind and solar generation units can benefit 
from economies of scale and can be located where there 
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are rich wind or solar resources. As a result, the levelised 
cost of energy (LCOE) they produce is two to three times 
cheaper than distributed units (IRENA, 2021).

However, because distributed generation units are located 
closer to end-consumers, they can reduce electricity trans-
mission costs. These costs consist of energy losses and grid 
investments. Transmission and distribution (T&D) power 
losses represent less than 10% of the electricity produced 
in virtually all industrialised countries. Therefore, the po-
tential savings in energy losses are insufficient to close the 
gap between the LCOE of distributed versus utility-scale 
wind and solar generation. As a result, unless the savings 
on future T&D network investments are substantial, util-
ity-scale solar and wind generation units connected to the 
transmission network are the lowest cost sources of renew-
able electricity.5

The extent to which investments in distributed generation 
reduce the need for future T&D network investments is, 
however, very difficult to assess. Many consultant reports 
claim significant avoided costs associated with distributed 
solar photovoltaic (PV) investments. Because T&D net-
work costs typically comprise at least a third of electricity 
bills, the claimed savings could easily add up to billions of 
dollars annually for a country like the United States. How-
ever, other engineering studies reach less optimistic con-
clusions (Cohen and Callaway, 2016; Cohen et al., 2016).

Distributed Generation and the Energy Transition

In recent years, annual global investment in wind and 
solar electricity generation has reached about $300 billion. 
The magnitude of this annual investment is expected to 
increase in the future (IRENA, 2021). Distributed gen-
eration units account for about half of the investment in 

5 At least until the interconnection costs of utility-scale facilities become 
prohibitive and/or development of such installations faces significant con-
straints in terms of land availability.
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solar PV (in money terms), which is somewhat surprising 
because of their significantly higher LCOE in comparison 
with utility-scale installations. 

In practice, distributed generation usually benefits from 
greater policy support, for example through direct (e.g. 
higher feed-in-tariffs for small installations) or indirect 
(e.g. net metering) subsidies. Because both utility-scale 
and distributed renewable installations provide zero car-
bon electricity, distributed generation units must provide 
specific additional benefits on a life-cycle cost basis in or-
der to be preferred to utility-scale facilities.

The main additional benefit claimed by distributed gen-
eration advocates is the avoided cost of T&D network in-
vestments, which we now discuss.

Distributed Generation and the Electricity Grid

In virtually all electricity supply industries, most electric-
ity is supplied by utility-scale generation facilities that take 
advantage of economies of scale in production, transmit-
ting the energy produced at high voltage to local distribu-
tion grids, where it is transformed to a lower voltage and 
transferred to final consumers.

Starting in the early 2000s, however, many jurisdictions 
saw significant investments in smaller-scale generation 
units, which is generically referred to as ‘distributed gen-
eration.’ Due to their smaller size, these units tend to be 
located closer to final consumers and to be connected to 
distribution grids. Because they inject electricity directly 
at the distribution grid level, distributed generation units 
can reduce the magnitude of net withdrawals from distri-
bution networks. Distributed generation installations can 
therefore reduce both the need for transmission capacity 
to move energy from large-scale generation units to dis-
tribution networks, and the need for distribution network 
capacity to move the energy from the transmission grid to 
final consumers. 

In the early 2000s, distributed generation mostly con-
sisted of dispatchable thermal units such as back-up diesel 
generators. Studies assessing the T&D deferral potential of 
distributed generation therefore assumed that these units 
were available to produce energy whenever it is needed. By 
contrast, wind and PV output is intermittent. Research-
ers and utilities therefore have to estimate the extent to 
which these technologies produce electricity during hours 
of peak demand in the distribution grid. This assessment 
is in practice performed by engineering simulations. Such 

simulations are generally run for a handful of representa-
tive distribution networks, and the conclusion reached can 
be very sensitive to the assumptions made

Empirical evidence based purely on observed data over a 
large territory and a long period of time can therefore cast 
significant light on the long-held debate on the cost-effi-
ciency of distributed renewable generation relative to util-
ity-scale facilities.

Data

We gathered a comprehensive panel dataset for France to 
address our research question.

First, we observe hourly net withdrawals from over 2,000 
local distribution networks throughout France from 2005 
to 2018. Net withdrawals from a local distribution grid are 
the hourly positive or negative net flows of energy between 
the high voltage transmission network and the distribution 
network. Hence, the net withdrawal in a given hour equals 
gross consumption plus losses minus distributed genera-
tion for all the users connected to the given distribution 
network.

Second, we know how much distributed generation ca-
pacity is connected to each distribution network in each 
year. Distributed generation is broken down into five tech-
nologies: wind, solar, small hydro, renewable thermal and 
non-renewable thermal. During our fourteen-year sample, 
over 25 GW of distributed generation investments were 
made. The bulk of these investments were in wind and PV 
installations.

Empirical strategy

We use our dataset to estimate the impact of a marginal 
increase in the installed capacity of five types of distribut-
ed generation technologies (solar PV, wind, small hydro, 
dispatchable renewable thermal and dispatchable non-re-
newable thermal) on the different percentiles of the annual 
distribution of hourly net withdrawals from distribution 
networks. These percentiles map onto what is known in 
the electricity industry as the ‘net load duration curve.’ Be-
cause network planning rules typically rely on a reliability 
threshold to decide on the size of given grid components, 
in practice the net load duration curve is used to directly 
assess how much grid capacity is needed to meet a given 
reliability criterion. As an illustration, computation of dis-
tribution network tariffs in France, which builds on the 
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planning rules reported by utilities, makes use of the 71st 
percentile for medium-voltage grid components, and the 
94th percentile for low-voltage grid components (CRE, 
2020). Other countries may use different thresholds for 
distribution network planning and tariff setting. We there-
fore pay particular attention to the impact of distributed 
generation on the highest percentiles of the net load dura-
tion curve. 

We characterise the impact of distributed generation on 
the net load duration curve by means of a quantile impact 
function. This function captures the predicted impact of 
adding 1 MW of a given type of distributed generation ca-
pacity on individual quantiles in the annual distribution of 
hourly net withdrawals. For a given technology, the quan-
tile impact function maps each quantile index (from 0 to 
1) onto the predicted impact (in MW) of adding 1 MW 
of this technology to the corresponding quantile of the 
annual distribution of hourly net withdrawals. This effect 
can be interpreted as the predicted amount of electricity 
produced by a distributed unit of a given technology dur-
ing the hours corresponding to the given quantile index 
expressed as a percentage of nameplate capacity.

Main Results

Figure 2 show our main results in graphical form. We 
find substantially different quantile impact functions for 
the five distributed generation technologies. Two charac-
teristics of these functions are of particular interest: their 
value at the extreme quantiles and their slope. 

Figure 2: Graphical representation of the quantile impact 
functions for the distribution of hourly net withdrawals. 
Thick lines correspond to the point estimates. Sleeves de-
limit (two-sided) 95% confidence intervals from robust 
standard errors clustered at the substation level

First, the higher (in absolute value) the coefficients for 
the highest quantiles, the more the given technology is 
associated with a decrease in peak net withdrawals from 
distribution networks, and therefore the more likely it is to 
defer or avoid grid expansion. In France, national annual 
peak electricity consumption is reached during cold winter 
evenings. Consistently, PV is found to have no significant 
impact on the highest quantiles of the annual distribution 
of hourly net withdrawals. The impact of wind on the top 
quantiles is also very small even though, as is reported in 
RTE (2019), average wind generation is higher during the 
winter. The other technologies are found to have a sizable 
impact on peak hourly net withdrawals, with an average 
impact on the 99th quantile of at least 0.12 MW per MW 
of distributed generation. Conversely, large negative im-
pacts on the bottom quantiles are likely to result in reverse 
power flows as distributed generation capacities increase. 
The largest reverse power flows may ultimately reach levels 
comparable (in absolute value) to local peak consumption, 
potentially compromising any network capacity savings 
enabled by a decrease in the top quantiles of the distribu-
tion of hourly net withdrawals.

Second, whether the quantile impact function is upward 
or downward sloping is also of particular interest. Indeed, a 
monotonically decreasing quantile impact function means 
that the corresponding distributed generation technology 
tends to narrow the range of hourly net withdrawals from 
distribution networks and increase the utilisation rates of 
future grid assets. In contrast, a monotonically increasing 
quantile impact function means that the corresponding 
distributed generation technology tends to ‘stretch’ the dis-
tribution of hourly net withdrawals, that is, it expands the 
range of net withdrawals at substations. The subsequent 
decrease in the utilisation rates of grid assets seems in turn 
likely to be associated with higher long-term costs on a 
per-MWh basis. Figure 2 suggests that the quantile impact 
functions are monotonically increasing for all the technol-
ogies except non-renewable thermal (which consists, for 
example, of gas-fired combined heat and power units). 

Discussion

Ramps

We use a similar empirical approach to estimate the im-
pact of the different distributed generation technologies on 
the ramp duration curve faced by substations. We define 
hourly ramps as the difference between two consecutive 
hourly net load levels. If anything, we expect higher ramps 
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(in absolute value) to be associated with higher operating 
costs.

We find that a 1 MW increase in installed capacity of 
either wind or PV is on average associated with an increase 
of 0.14-0.15 MW in both the 1st and 99th quantiles of 
the distribution of hourly ramps. In other words, we find 
that investments in distributed wind and solar generation 
are associated with a significant increase in the variabil-
ity of net withdrawals from the distribution grid, which 
may require additional distribution network investment to 
maintain a reliable supply of energy to customers.

Battery storage

We also explore the extent to which battery storage may 
enhance the grid deferral benefits from distributed wind 
and solar generation. More precisely, we assume that for 
each kW of distributed wind or solar generation connected 
to a substation in a given year, a proportional amount of 
storage is also installed. We further assume that batteries 
are operated to shave peak net withdrawals (in absolute 
value) with perfect foresight over the upcoming week. We 
then simulate the operation of the batteries and re-estimate 
the marginal impact of distributed generation investments 
on the resulting load duration curve. Conceptually, this 
stylised exercise is consistent with a mandate requiring the 
installation of storage capacity along with intermittent re-
newables so that the installed capacity of storage grows in 
proportion to investments in renewable generation.

We find that high rates of distributed storage penetration, 
substantially higher than is occurring anywhere in Europe 
or the United States, would be needed to significantly de-
crease the highest percentiles of the load duration curve. At 
50% penetration (i.e. 0.5 kWh of battery storage installed 
for each kW of either distributed wind or solar generation), 
adding storage to distributed wind and solar investments 
barely increases the magnitude of their cumulative impact 
on the highest quantiles, and mildly attenuates their im-
pact on the lowest quantiles. By contrast, with a 500% 
penetration of battery storage, distributed wind and PV 
with storage are able to significantly decrease substation 
peak hourly net withdrawals and would thus prove helpful 
in deferring future grid expansions. 

Conclusion

Public policies supporting renewable electricity genera-
tion typically favour distributed units over utility-scale in-
stallations despite their significantly higher levelised cost of 

generating electricity. As a result of these policies, among 
other incentives, about half the annual 100+ billion glob-
al investments in PV electricity generation over the past 
decade were directed to distributed solar units rather than 
utility-scale installations. This work presents empirical ev-
idence suggesting that, at least in the case of France, po-
tential savings in future T&D network investments cannot 
rationalise favouring distributed wind and solar generation 
units over their utility-scale counterparts. 

Distributed wind and PV investments are found (i) to 
have little to no impact on the highest quantiles of the 
distribution of hourly net withdrawals; (ii) to induce large 
downward shifts in the lowest quantiles of the distribu-
tion of hourly net withdrawals; and (iii) to exacerbate the 
magnitude of the most extreme ramps. However, we have 
shown that investing in battery storage along with dis-
tributed wind and PV has the potential to significantly 
increase their grid deferral benefits, although distributed 
storage investment rates several times larger than current 
rates are likely to be required.

The main policy implication that emerges from our re-
sults is that support mechanisms that provide uncon-
ditionally higher subsidies to distributed wind and solar 
installations over their utility-scale counterparts are very 
unlikely to represent the least-cost path towards a low-car-
bon electricity supply. Relying instead on size-neutral sub-
sidies would represent a more cost-effective approach, at 
least until substantial transmission network expansions are 
necessary to connect new utility-scale wind and solar gen-
eration capacity. 
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