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According to some estimates, solar, wind and 
other forms of renewable energy will generate 
over 85% of electricity by 2050. This transition 
towards renewable energy is coming faster 
than our imagination. Traditionally, electricity 
has been generated by utility scale electricity 
generators and the electricity business has 
been a monopoly due to full control of utility 
companies on the wire business. The uptake 
of distributed solar energy has changed this 
monopoly and now customers can produce 
their own energy with an option to export it 
back to the grid. Falling solar prices have made 
it attractive for customers to partially generate 
their own electricity and with falling battery 
prices, the customer may defect the grid 
altogether. 

This onslaught of distributed solar has impacted 
the revenues of utility companies and many utility 
companies across Europe, USA and Australia 
have reported up to 80% drop in revenues during 
recent years. This disruptive change is forcing 
the utility companies to change their business 
model from a monopolistic regime to a more 
innovation oriented organization. Chances are 
that the utilities that do not take on challenge 
of distributed solar will slowly be trapped into 
the spiral of economic death. However, the 
models of a successful utility in this new age of 
distributed generation are few and far. 

In Pakistan, the utility business is mostly 
regulated. However, our utilities are already 
facing the spiral of death due to rising electricity 
prices. Industries have been defecting the 
utilities in favour of captive generation and our 
industrial base load is down from 32% to less 
than 20% already. With distributed solar the 
good residential customer and small business 
customers may also start to leave the grid which 
will raise the price of electricity thus forcing 

more customers to resort to alternate energy 
solutions. 

The goal of this report is to look at how the 
utilities around the globe are dealing with the 
phenomenon of distributed solar. After carrying 
out a thorough literature survey we have met 
with several professionals of the power sector 
in Pakistan on their views on this changing 
landscape of utilities. Finally, we looked at the 
current legislations, regulations and policies in 
Pakistan to suggest a utility model that is ready 
to take on the new challenges of disruptive 
innovations in the power sector. We are terming 
it Electric Utility 2.1 because on top of distributed 
solar and net-metering, it also considers their 
implication as well as other innovations the 
utilities can make use of along with them. 

Finally, this report is made possible through 
funding by Hadron Solar and NAM Associates 
and Ignite National Technology Fund. Mr. 
Waqas Moosa, CEO of Hadron Solar, and Mr. 
Muhammad Akbar, CEO of NAM Associates, are 
among very few individuals in Pakistan’s power 
sector who have contributed funds towards 
research and development at universities. Ignite 
National Technology Fund is the backbone 
of cutting edge research in Pakistan. Since 
universities are not profit making institutions, 
funding for research only comes through such 
public and private organizations. We hope 
that more public and private organizations will 
contribute towards research and development 
at universities which will enable evidence based 
policy and decision making. 

			       Muhammad Tayyab Zafar

                                              Waqas Moosa

                                              Dr. Naveed Arshad 
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All over the world, the trend towards clean 
renewable energy generation is gathering 
pace. States and countries across all continents 
have announced aggressive renewable and 
solar generation targets for the next few years. 
Within renewable energy, solar photovoltaics 
is a technology that has grown in importance 
over the past decade. The main reason for 
this is an 86% decrease in the levelized cost 
of solar generation from 2009 to 2017, making 
it cheaper than coal generation [1]. A total of 
$161 bn investment was made in solar energy 
in 2017 with 98.9GW installed. In 2018, 109GW 
were installed according to BNEF [2]. In addition 
to large-scale solar farms, distributed/rooftop 
solar generation has emerged as a hot trend on 
a global scale, which is the subject of this study.
Rooftop solar brings with it certain indisputable 
advantages like clean energy supply to the grid, 
but it also comes with certain strings attached 
which must be managed. In particular, it turns the 
traditional utility operation on its head, cutting 
down on their revenues. This is problematic 
because the utilities, which are the backbone of 
the power sector, cannot be allowed to weaken. 
On the other hand, distributed solar is also 
essential, especially at a time when Pakistan 
is facing severe environmental issues, and 
looks set to be here to stay due to favourable 
economics even in the face of unfavourable 
policies. Consequently, a way forward that 
involves the utilities as well as accommodates 
distributed solar must be incorporated. Pakistan 
is a new entrant in the arena of rooftop solar and 
is presented with a clean slate at this point. It is 
imperative for Pakistan to learn from countries 
where this technology is finally reaching maturity 
after years of experimentation and policy 
changes. 

The Decade of Innovative 
Disruptions 

The past decade has seen numerous 
developments in the power sector, the kinds of 
which were not there previously. As a result, the 
power sector all over the world is undergoing 
massive changes. These developments can also 
be termed innovative disruptions, disrupting 

the traditional utilities’ model and forcing them 
to come out of their comfort zones. Most utility 
companies across the globe are pondering over 
their future and how to best safeguard their 
business. The main innovative disruptions in the 
power sector can be described as follows: 

•	 Solar and renewable energy sources: With 
decreased costs and increasing drive towards 
clean energy, renewable energy sources, 
especially solar and wind, are increasing their 
share rapidly across the world as mentioned 
above. The cumulative installed capacity of 
solar PV has risen exponentially since 2006, 
from 5GW to around 500GW today, with 98.9 
GW installed in 2017 [3] and around 109 GW 
installed in 2018 [2]. 

•	 Distributed generation: Alongside utility-
scale solar, rooftop solar is gaining popularity 
across the globe, cutting down on utilities’ 
revenues. Some countries like Australia and 
Germany now have more distributed solar 
as opposed to utility-scale solar. In regions 
like Hawaii and Australia, 20% of all homes 
have now had solar installed [4][5]. In Pakistan 
as well, 950 MW worth of solar panels were 
imported in 2017, more than the past four 
years combined [6]. Although rooftop solar 
has its advantages, it has certain challenges 
that must be resolved upfront. Nevertheless, 
rooftop solar looks set to be here to stay 
and a pragmatic policy to guide it must be 
determined from the outset. 

•	 Net-metering/Solar compensation: 
The availability of net-metering and 
compensation for rooftop solar fed into 
the grid has further complicated the 
utility business. The rate of compensation 
becomes a bone of contention between solar 
customers, utilities and non-solar customers. 
Net-metering has been a little slow to take 
off in Pakistan since its inclusion in legislation 
in 2015 with installations worth around 23 
MW till now. Recently, there has been a surge 
in the adoption of net-metering due to the 
push by the government and easing of the 
net-metering process. The installed capacity 
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in the first three months of 2019 is already 
around half of that in 2018 (around 11 MW). 

•	 Storage: Termed by many as the missing 
link in the transition to renewable energy, 
storage is another major disruptor in the 
traditional utility model. On one hand, it can 
supplement utilities by providing backup 
power and grid support services, while on 
the other hand, it can cause them loss of 
revenue when employed by rooftop solar 
customers. The cost of storage is going 
down rapidly with current prices down to 
around $200/kWh from around $1000/kWh 
in the late 2000’s. As costs decrease further 
it will allow people to become more self-
sufficient and disconnect more from the grid. 

•	 Grid defection and the ‘utility death spiral’: 
As rooftop solar is gathering pace, the 
concept of grid defection is taking shape. 
Grid defection occurs when customers cut 
their grid usage, either partially or fully, by 
investing in self-generation, storage and 
generators. Although full grid defection is 
economically not feasible at the moment, 
partial grid defection is on the rise. The 
problem gets exacerbated because when 
people defect from the grid, electricity rates 
increase for the remaining customers to cover 
for fixed costs, which encourages them to 
defect as well. This results in a ’death spiral’ 
for utilities that is a threat to their business.  

•	 Smart grids: The concept of smart grids 
is also taking shape in a lot of countries. 
With increasing development of artificial 
intelligence and communication techniques, 
the grid can be made more intelligent by 
gathering data at various nodes and using 
the data to obtain useful information. A 
smart grid would be able to detect outages 
and faults beforehand, indicate equipment 
wear and tear as well as assist in energy 
efficiency programs. It would also provide a 
better visibility into distributed generation 
that would assist in matching supply with 
demand.  

•	 Demand-side management: Demand-
side management is a method by which 
demand is modified to meet shortages and 
excesses in supply. Traditionally, supply is 
made to follow demand but with better 
communication between utilities and 
customers, and increasing automation of 
electrical appliances, electricity usage can 

be altered according to supply at a particular 
time of the day. It works especially well with 
solar when certain appliances or industrial 
processes can be made to run at times 
of peak solar generation. Customers who 
cooperate with utilities in these programs 
can be compensated by the utilities in one 
way or another.  

•	 Time-of-use pricing: Time-of-use pricing is 
a mechanism by which rates of electricity 
usage (and feed-in to the grid) are varied 
during the day, depending upon the supply 
and demand at that time. This can be used 
to implement demand-side management 
and works well with distributed solar. Rates 
of consumption as well as feed-in to the 
grid can be lowered during the day when 
solar is produced in excess, encouraging 
consumption and discouraging energy 
export to the grid. At night time, when 
solar generation is unavailable, rates of 
consumption and feed-in can be increased 
to reduce consumption and encourage 
export from distributed solar customers.  

•	 Electric vehicles (EVs): EVs are picking up 
pace across the world with many countries 
announcing policies for incorporating EVs 
into their mix of vehicles. For instance, 
Norway plans to ban sale of fossil fuel based 
vehicles by 2025 [7], whereas India has 
announced to increase its share of EVs to 
30% by 2030 [8]. EVs, with their battery packs 
and inverters, provide a significant amount of 
shift able load and potential grid services to 
the grid. They can be charged during times 
of excess supply and can possibly discharge 
to supply electricity to the grid in times 
of shortage. Again, this works effectively 
with solar generation and can be used to 
implement demand-side management. 

•	  Electricity markets: Across the globe, with 
the privatisation and unbundling of the 
electricity sector, more flexible markets 
are taking shape. Power and energy are 
being traded in real-time markets on the 
wholesale end and the retail sector is also 
being opened to several participants. This 
would allow customers to select from several 
retailers which would create competition 
amongst them. In the future, the retailers 
can invest in all these innovations in varying 
degrees to attract customers, providing 
them customized packages along the way. 
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•	 Carbon trading: In more developed countries 
carbon trading is used as a tool to keep 
emissions in check. All relevant companies 
are assigned permits for a certain amount 
of emissions. If some company manages to 
reduce its emissions, it can trade its permit 
with another that went overboard. This 
provides a financial incentive for companies 
to cut down on their emissions and adopt 
renewable energy sources. 

The main focus of this report is distributed 
solar as that is the main disruptor to the power 
sector with which other developments can 
be integrated. We discuss the benefits and 
challenges associated with distributed solar in 
order to propose recommendations for the path 
utilities can take in the future. 

Distributed Generation Benefits 
Distributed solar has a number of benefits which 
can be summarized as follows:

•	 Clean Energy: Distributed solar provides 
clean energy by utilizing the energy from the 
sun. In a country like Pakistan, with critical 
amounts of concentration of pollutants in 
the air, this is something that is desperately 
needed. Every year, major urban centres 
experience smog, which is detrimental to 
eyes and lungs of their citizens. Lahore and 
Faisalabad have been listed amongst the 
top 10 most polluted cities in the world [9]. 
The energy sector, along with transportation, 
makes up the biggest source of pollutants in 
the air. If the transportation sector can be 
electrified and the energy sector shifted to 
renewables, a major part of the pollution 
problem in Pakistan can be solved. 

•	 Supports grid supply: Distributed solar adds 
quality power to the grid, helping it meet 
demand with supply. It helps the utilities 
avoid the expensive power they need to 
purchase in order to meet the last few 
megawatts required to meet the demand. 
This is because the generation sources are 
committed based upon their costs and in 
order to meet more demand, more expensive 
units need to be purchased. Furthermore, 
with distributed solar, due to much lower 
investments, the unfavourable contractual 
terms generally offered to large-scale power 
plants can be avoided. Last but not least, 
distributed solar can be used in tandem with 
local generation in isolated grids to provide 

indigenous power to locals. 

•	 No need of additional infrastructure: Added 
to the fact that distributed generation 
supports the utilities in matching supply with 
demand, it doesn’t require any additional 
infrastructure. No additional lines or poles 
need to be built by the utilities.  

•	 Significantly less losses: By supplying energy 
so close to demand, distributed solar also 
prevents most of the losses associated with 
the conventional supply of electricity. Losses 
are a big problem in Pakistan, with figures 
around 19.8% of the total electricity supplied 
[10].  

•	 Better maintenance: As opposed to utility-
scale solar, distributed solar encourages 
better maintenance and more production. 
This is because with distributed solar the 
installer has the incentive to produce more 
energy to consume or feed in to the grid, as 
opposed to utility-scale solar where investors 
are paid for full even if less amount of energy 
is produced.  

•	 Grid stability using inverters: Distributed 
solar involves the use of inverters that have 
functionalities that can be used to stabilize 
the grid. Inverters can provide ancillary 
services to the grid by absorbing or injecting 
reactive power to the grid to cover up for 
short term fluctuations. They can also shape 
the wave up to the 8th harmonic to assist the 
grid as needed.  

Distributed Generation Challenges  
Despite its numerous benefits, distributed 
solar also has its challenges. However, these 
challenges are far from being unsolvable and 
can be solved by planning for them in advance. 
The main challenges of distributed solar are as 
follows:  

•	 Revenue erosion for utilities: The biggest 
hurdle in the way of rooftop solar is the fact 
that it cuts down the revenues for utilities, 
making enemies out of them. Furthermore, 
with net-metering, utilities have to purchase 
electricity at retail rates, again nullifying their 
profits. Add storage to the mix, and the case 
for full grid defection starts to take shape. 
Furthermore, these defections are mainly 
from the good customers with high electricity 
demand like shopping malls, industries and 
universities. Pressure is being felt by utilities 
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and in many regions, like Nevada, there 
have been accusations of utilities’ lobbying 
to push for policies that discourage solar. In 
Hawaii utilities suffered a 21% loss in sales 
from 2007 to 2016 [11]. Utilities in the US 
are expected to lose $18 to $48 billion per 
annum over the next decade [12]. 

•	 Rate mechanism and unfair distribution of 
fixed costs: Another challenge with rooftop 
solar is to get the compensation right for 
feeding in electricity to the grid. The utilities 
are of the view that because solar customers 
consume less electricity, they do not pay their 
fair share of fixed costs because billing is only 
done on units consumed. The fixed costs 
are spread amongst non-solar customers, 
which get to subsidize solar customers. On 
the other hand, distributed solar provides 
several benefits to the grid and cannot be 
simply valued at the wholesale rate. Fixed 
and demand charges are increasingly being 
proposed by some utilities to balance this 
problem. 

•	 Grid instability: A genuine challenge 
associated with rooftop solar relates to 
its integration with the grid. As more and 
more rooftop solar gets added at a local 
substation transformer, the local grid starts 
to get unstable. This is because the energy 
produced by these units cannot go beyond 
the transformer which has been currently 
designed for one-way flow for radially fed 
systems. Backfeed, rising of voltages, fault 
current limitations, transformer wear and 
tear and voltage flicker are some of the 
issues that can occur with excessive rooftop 
solar [13][14][15]. All these issues need to be 
addressed and installations must be planned 
and standardized. 

•	 Demand-supply matching: With more and 
more rooftop solar installations it would get 
increasingly difficult for utilities to perform 
demand- supply matching unless it has data 
of the installations as well as visibility or 
information on their production. 

•	 The ‘Duck Curve’ problem: This problem 
is a result of solar on the grid in general,  
distributed or utility-scale, but would 
nevertheless be manifested as more and 
more rooftop solar is added. Because 
conventional generation needs to ramp up 
in the evening to cover up for fading solar, a 

minimum amount of it needs to be operated 
even when solar is at its peak. Apart from 
this, a certain amount of conventional 
generation is also needed for backup and 
provision of ancillary services during the 
day. This minimum generation sets a limit to 
the amount of solar that the grid can have, 
beyond which it would need to be curtailed. 
California and Germany have had to sell 
electricity at negative prices due to this 
problem. Introducing fast-ramping plants 
as well as storage to the mix can alleviate 
this problem along with demand-side 
management and introduction of electric 
vehicles. 

The Critical Need for Planning for 
the Future 
It is imperative to mention that rooftop solar 
looks set to be here to stay and cannot be left 
unattended. Even in the presence of a harsh 
policy or an absence of one, it should proliferate 
simply due to economics. If it grows on its own, 
it will create huge problems for the government 
as it has done for various countries across the 
world. At that time a knee-jerk reaction would 
not work. Rooftop solar has already started to 
bloom in Pakistan with more and more homes, 
industries and shopping malls shifting to solar 
in the face of rising electricity rates. In 2017, 
950MW worth of solar panels were imported, 
more than the past four years combined. The 
installed net-metering capacity for the first three 
months of 2019 is already around half of that 
in 2018 (around 11 MW). Furthermore, battery 
costs are rapidly decreasing and might soon 
become economically feasible for customers to 
further defect from the grid.
Along with the increasing trend of rooftop solar, 
Pakistan already has excess generation planned 
for the next few years without keeping in mind 
distributed generation. It has signed up for 
62000MW of generation, whereas the demand 
is only expected to reach 40000MW by 2022. 
Furthermore, 5000MW of rooftop solar can be 
expected to be online by 2022 [6]. The greater 
the excess generation, the higher the demand 
charges the government needs to pay. Even 
without taking into account distributed solar, 
the capacity payments are expected to reach 
1500 billion Rs by 2025. Hence a comprehensive 
power plan for the future, taking into account 
distributed solar, must be developed. 
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Suggested Future Course of Action
An interesting development coming up in 
Pakistan which can be made use of in devising a 
strategy for distributed solar is the restructuring 
of the electricity distribution sector in Pakistan. 
According to the NEPRA Act 2018, by 2021, 
distribution companies are going to be divided 
up into retailer companies and companies 
handling the wires and infrastructure business. 
This development combined with the need 
to accommodate rooftop solar into the utility 
model, allows for new business models to be 
investigated. 
In light of the benefits and challenges of 
distributed solar, as well as the upcoming 
legislation in the power sector, we have proposed 
the following recommendations for the power 
sector, keeping in mind the experiences of other 
regions with distributed solar. These have been 
discussed in detail in the section on the future 
utility model in this report. 
In order to overcome the basic revenue erosion 
problem, the utilities must look into one or a 
combination of following three approaches; 
•	 Utilities should invest into ownership of 

distributed solar. This has already been 
proposed by Arizona Public Service in the 
past and is increasingly being pushed by 
many analysts. Utility ownership can be 
approached in two ways. For one, utilities 
can build and own complete systems on 
homeowners’ rooftops and adjust the costs 
in the electricity rates. Alternatively, utilities 
may partner with third parties who would 
also build and maintain the installations, 
purchasing electricity from them and selling 
to customers at a profit. In exchange for 
ownership, utilities can compensate the 
owners of premises by paying them a 
monthly rent or offering them a reduced 
electricity rate. 

•	 Alternatively, a ”buy-all-sell-all” policy for 
distributed solar can be introduced in which 
the solar customer either sells all of the 
produced energy to the grid at a rate higher 
than wholesale but less than retail rate or 
entirely self-consumes. This would ensure 
that as long as the customer is engaged with 
the grid, whatever energy is produced goes 
through the hands of utilities, avoiding the 
utility revenue erosion problem.  

•	 In the face of consumers becoming 
“prosumers”, the abilling mechanism must 

be revamped. Going forward, utilities must 
separate revenues from units of energy as 
their ultimate goal is revenue not production. 
There are three main things they can do:  

1.	 Solar customers can be charged certain 
fixed charges because, although they are 
consuming less units, they are still using 
the grid for buying and selling energy.  

2.	 Instead of net-metering, a less than retail 
rate feed-in tariff should be introduced 
to allow utilities to make profit out of 
the purchased electricity. Net-metering, 
due to decreased costs of solar, has now 
become an obsolete program, intended 
for initial solar uptake which is not needed 
now.  

3.	 Demand charges, based on maximum 
load, can be introduced to even out costs 
between solar and non-solar customers 
because the capacity has to be built for 
the maximum load even if the customer 
consumes less overall units.  

Additionally, the utilities must look into the 
following points to maximize the benefits of 
rooftop solar and upcoming innovations in the 
energy sector.
•	 Feasibility studies should be conducted at 

selected typical feeders to get an idea of the 
amount of solar that can be added to local 
feeders across Pakistan. Detailed studies 
should be conducted on specific feeders 
where rooftop solar nears the maximum 
limit.  

•	 In order to effectively utilize solar, time-of-use 
pricing should be employed so that people 
consume more electricity during the day when 
production is high and less when the sun is 
away. The same can be done with feeding 
electricity to the grid. Feeding in would be 
compensated less during the day and more 
at night when energy is more needed by 
the grid. This would also encourage the use 
of storage among customers which would 
help in the integration of renewables in the 
system.  

•	 In the long run utilities must invest in storage. 
This would help them immensely in the 
following ways:  

1.	 It can provide backup power, in which 
case it would be like another supply 
source in the CTBCM. This would also 
provide a buffer against the ‘Duck Curve’ 
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problem.

2.	 It can provide instantaneous grid 
stability in response to fluctuations in 
power (ancillary services). In advanced 
electricity markets these are traded as 
very expensive sources of electricity.  

3.	 It can be situated at a smaller scale at 
transformer level in areas where excess 
solar is expected. This would also prevent 
customers from investing in storage 
themselves that can be detrimental to 
the utilities.  

•	 Utilities should invest in data analytics. 
Although it would take some effort to set 
it up but in the long run it would be very 
beneficial. It would allow them to better 
manage equipment, better match supply 
with demand, cut electricity theft and provide 
energy efficiency programs to customers. 
Solar installations would be helpful in this 
because they already include inverters and 
possibly other monitoring devices that could 
be used for this purpose.  

•	 Utilities must reinvent themselves and 
engage more with the individual customer 
like telecomm companies do. With the new 
legislation, the retailer side of utilities would 
only be concerned with purchasing power and 
selling it to customers. They can utilize all the 
new developments mentioned in this report 
like demand-side management, time-of-use 
pricing, energy efficiency programs and EVs 
to come up with customized packages for 
owners based on their situations.  

•	 The government must also step in to 
incentivise clean energy and rooftop 
solar to alleviate the ailing environmental 
conditions. This can be done by giving 
tax credits to solar customers, setting 
renewable energy procurement targets for 
utilities and implementing carbon trading. 
Pilot or demonstration projects can also be 
arranged. to increase acceptability among 
masses.   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All over the world, the trend towards clean, 
renewable energy generation is gathering pace. 
States and countries across all continents have 
announced aggressive renewable and solar 
generation targets for the next few years. For 
instance, California has set a renewable portfolio 
target of 33% by 2020, 60% by 2030 and 100% by 
2045, which does not include hydro. The 2020 
target was already crossed in 2018 with 34% 
of generation from renewable energy sources 
[4]. India has set a renewable energy target of 
175GW by 2022 [17].  

Within renewable energy, Solar Photovoltaics 
is a technology that has grown in importance 
over the past decade. The main reason for 
this is an 86% decrease in the levelized cost of 
solar generation from 2009 to 2017, making it 
cheaper than coal generation [1]. It is for this 
reason that in some countries, in addition to 
renewable generation targets, targets for solar 
generation have also been set. For instance, 
China had set a target of 105 GW of solar which 
was already crossed in 2018 with 165GW of 
solar by the month of September [18]. India 
has a target of 100GW solar by 2022 [17]. Solar 
installations all over the world are on the rise 
with installations worth 53GW in China, 10.6GW 
in US and 9.6GW in India in 2017 alone. A total 
of $161 bn investment was made in solar energy 
in 2017 with 98.9GW installed. In 2018, 109GW 
were installed according to BNEF [2]. 

 In addition to large-scale solar farms, distributed/
rooftop solar generation has emerged as a hot 
trend on a global scale, which is the subject of 
this study. Reduced costs of solar and storage, 
combined with environmental concerns and 
favourable government policies have been 
the main drivers for this surge. This trend has 
been more pronounced in some regions more 
than others. In Australia, by December 2018, 
2 million households (20% of all households) 
had solar systems installed with total capacity 
reaching 7.9GW [5]. In Hawaii, due to exorbitant 
electricity rates, around 20% of all households 
have solar installation. In 2017, 70% of all solar 
capacity installed in Hawaii was rooftop solar [4]. 
In California, the top state in the US with respect 

to solar energy, has mandated solar installations 
on all new homes starting 2020 [19]. 

In Pakistan, rooftop solar is picking up pace with 
950MW worth of panels imported in 2017, more 
than the numbers combined for the four previous 
years [6]. Net-metering, legislated initially in 
2015, is also gathering pace with around 50% of 
installations for 2018 (11 MW) already covered 
in the first three months of 2019. With the prices 
of solar and storage further plummeting and 
awareness on the rise, the numbers are only 
expected to grow. The purpose of this report is 
to chart a path forward for the government of 
Pakistan in light of other countries’ experiences 
in welcoming rooftop solar in an effective 
manner. 

Although rooftop solar brings with it certain 
indisputable advantages like clean energy 
and load-balancing on the grid, it also comes 
with certain strings attached which must be 
managed. Rooftop solar is unique in that it turns 
the traditional utility operation on its head. This 
is also its biggest issue at the moment. Electricity 
has traditionally been supplied by the utilities 
to the customers in a uni-directional way. The 
utilities used to generate or purchase wholesale 
power and sell it to the customers. No matter 
who was the generator, the eventual revenue 
fell into the hands of the utilities, which were 
also tasked with the maintenance of the grid. 

With distributed solar, the customer has begun 
to generate electricity. Irrespective of whether 
he sells excess energy to the utility or not, he is 
now buying less electricity from the utility, which 
results in lower revenues for the utilities. This 
naturally puts him into a collision course with the 
utilities. Additionally, if he puts electricity back 
into the grid, the rate at which this takes place 
is another cause for contention with the utility. 
Furthermore, as more and more solar gets fed 
into the grid, there is a chance of grid instability, 
which again the utilities have to manage. 

Due to the above-mentioned points, distributed 
generation, with all its advantages, has become 
a disruptor for the utilities’ business. The utilities 
themselves, which are the backbone of the power 
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sector, cannot be allowed to weaken. Distributed 
solar must not be stopped, especially at a time 
when Pakistan is facing severe environmental 
issues, having been declared the seventh most 
vulnerable country to climate change [20]. 
Consequently, a way forward that involves the 
utilities as well as accommodates distributed 
solar must be incorporated. Luckily, all of these 
problems have been experienced by others in 
one way or the other. Pakistan is a new entrant 
in the arena of rooftop solar and is presented 
with a clean slate at this point. It is imperative 
for Pakistan to learn from countries where this 
technology is finally reaching maturity after 
years of experimentation and court cases. 

An interesting development coming up in 
Pakistan which can be made use of in devising a 
strategy for distributed solar is the restructuring 
of the electricity distribution sector in Pakistan. 
According to the NEPRA Act 2018, by 2021, 
distribution companies are going to be divided 
up into retailer companies and companies 
handling the wires and infrastructure business. 
This development combined with the need 
to accommodate rooftop solar into the utility 
model, allows for new business models to be 
investigated. As the retailer would only be 
concerned with procuring power and supplying 
it to the customers, it can have a program for 
buying electricity from rooftop solar customers 
in a fair manner. The companies involved in 
the wires business can charge a fixed cost for 
connection to the grid or a cost proportional to 
the energy transaction. 

It is imperative to mention that rooftop solar 
looks set to be here to stay and cannot be left 
unattended. Even in the presence of a harsh 

policy or an absence of one, it will proliferate 
simply due to economics. If it grows on its own, 
it will create huge problems for the government 
as it has done for various countries across the 
world. At that time a knee-jerk reaction would 
not work. 

Furthermore, Pakistan already has excess 
generation planned for the next few years 
without keeping in mind distributed generation. 
It has signed up for 62000MW of generation 
whereas the demand is only expected to reach 
40000 MW by 2022. 5000 MW of rooftop solar 
can be expected to be online by 2022 [6]. The 
greater the excess generation, the higher the 
demand charges the government needs to pay. 
Even in 2017, the government paid 350 billion Rs 
in capacity payments as the capacity is built for 
peak demand over the year. In 2018-19, Pakistan 
is expected to use 128 TWh out of the 169 TWh 
generation capability, with capacity payments 
amounting to 664 billion Rs of which 162 bn 
would be for idle capacity. Even without taking 
into account distributed solar, the capacity 
payments can reach 1500 billion Rs by 2025. 

In light of the above-mentioned points, a 
comprehensive power plan taking into account 
distributed solar must be developed. Distributed 
solar, with its generation patterns also bodes 
well with other new trends coming in the power 
sector which can also address excess generation 
issues. These include adoption of electric 
vehicles (EVs), demand-side management and 
smart grids. A step in the right direction with 
these crucial technologies of the future can go 
a long way in solving the power issues that can 
confront Pakistan in the future. 
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3.1 Solar Photovoltaics and Other 
Renewables 
Solar photovoltaics (PV) is a technology that 
involves converting solar energy from the sun 
into electrical energy. It normally consists of a 
solar panel and an inverter with the possible 
addition of storage along with a charge 
controller. It started to gain importance around 
the latter half of the 2000’s with Germany taking 
the lead with its Energiewende program. Total 
installed solar capacity in Germany reached 
around 34 GW in 2012 [12], more than 30% of 
the total solar energy capacity in the world. 
Countries like US and Japan have been in the 
race with Germany from the start, with many 
more countries like China and India investing 
heavily in solar over the past few years. The 
cumulative installed capacity of solar PV has 
risen exponentially since 2006, from 5GW to 
around 500GW today, with 98.9 GW installed in 
2017 [3] and around 109 GW installed in 2018 [2]. 
In 2017, China led the way with 53GW followed 
by US with 11.8GW and India with 9.6GW. 
The rise of solar PV has mainly been due to 
improved economics because of better and 
more efficient technology and economies of 
scale. The cost of solar panels has decreased 
by 75% over the last decade. The figure below 
shows the levelized cost of energy for several 
generation technologies [1]. This price reflects 
the actual cost of generation considering all the 
peripheral costs. It can be observed that the 
cost of solar has significantly plummeted and is 
now lower than coal-based generation. 
Apart from solar, other renewable energy 
sources, not the focus of this report, like wind, 
bagasse and biomass are on the rise due to 
falling costs and the drive towards clean energy. 
However, the main renewable energy sources, 
namely solar and wind, are still held back by their 
intermittent and unpredictable nature. Storage 

remains the missing link which could really strike 
the final blow for these technologies. According 
to IEA, by 2050 solar will reach a capacity of 
around 4700GW, becoming the biggest source 
of power globally [22]. It is to be noted that IEA 
has been consistently falling short of predicting 
the growth of solar PV in the past [23]. 

Figure 1: LCOE of different energy sources [1]

3.2 Distributed Generation 
Distributed generation can be termed as the 
biggest disruptions to utilities since their incep-
tion. Distributed generation is when energy is 
produced at or close to the site of consumption, 
mainly for self-consumption. Distributed gener-
ation has existed before with some large indus-
tries having their own generation plants close to 
their sites but with solar PV this phenomenon 
has taken a new dimension. Solar panels are 
small in size, modular, portable, relocatable and 
cheap. Rooftop solar took off around the start of 
this decade and has been flourishing ever since. 
A major reason for this growth has been the 
subsidies provided by governments all over the 
world. Along with that, state renewable energy 
targets and the drive towards clean energy have 
contributed towards its uptake. 
Distributed generation provides clean energy 

THE DECADE OF INNOVATIVE 
DISRUPTIONS 3

The past decade has seen a myriad of innovations taking place in the energy sector. A few 
of them have been explained below. 
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at the point of consumption and reduces stress 
on the grid. It can also have certain other 
advantages over large scale solar plants like 
China discovered in 2013 when it shifted its solar 
policy towards distributed solar [24]. Utility-scale 
contracts encourage installation but not actual 
production, resulting in poorer quality systems 
and lack of maintenance. This is because 
even if the solar installation does not provide 
optimum power, the owner is paid the full rate 
of original production. Furthermore, utility-scale 
farms are generally located far from demand 
centres resulting in higher losses and additional 
grid infrastructure costs. On the other hand, 
distributed solar requires little or no additional 
infrastructure while incurring less losses due to 
proximity with the demand. It also encourages 
maintenance on the part of the installer in order 
to maximize production. 
Distributed solar has proliferated rapidly over the 
past few years with some countries like Australia 
and Germany having more of distributed solar as 
opposed to utility-scale solar. In both Australia 
and Hawaii, around 20% of homes have installed 
solar systems [5][4]. California has mandated all 
new households to have solar systems installed 
beginning 2020 [19]. In Pakistan, 950MW worth 
of solar panels were imported in 2017, more 
than the previous four years combined [6]. 
As with every new technology, distributed 
generation brings with it certain challenges that 
are solvable. An entire chapter is dedicated to 
this topic in this report. 

3.3 Net-Metering/Solar 
Compensation 
Distributed solar is complemented by 
compensations provided for selling excess 
electricity to the grid. Actually, these 
compensation mechanisms were what got 
rooftop solar out of its blocks. There are various 
ways of compensation with net-metering 
and feed-in-tariffs (FiT) being the main ones 
and other forms being variations of these. 
Net-metering simply measures the balance of 
electricity consumed against electricity supplied 
by the customer and either charges or credits 
the customer accordingly. With FiT, a separate 
meter is installed at the customer’s site that 
measures the energy supplied by the customer 
and credits the customer at a rate different 
from the retail rate, usually greater, up until 
the past few years. Net-metering, in effect, can 
be thought of as FiT with a compensation rate 

equal to the retail rate while employing only a 
single meter. In many regions now, certain fixed 
connection charges or demand charges are also 
applied to solar customers, as volumetric rates 
are perceived to be unfair by utilities to non-solar 
customer. All over the world, regions where solar 
has proliferated are now experimenting with 
different rate mechanisms as the initial policies 
have served their time. In US alone in 2018, every 
state except for Alaska, Wyoming and Georgia 
took policy actions on distributed solar [25]. 

A mechanism for inducting electricity into 
the grid by the solar system is essential in 
the absence of storage. The reason for this is 
that due to the sun’s pattern, solar systems 
generate more electricity during mid-day and 
stop producing when the sun is down. If there 
is no mechanism to store the excess electricity 
or put it in the grid, the excess electricity would 
get wasted. As a result, very little solar would 
be employed, just enough to meet the installer’s 
peak load during mid-day. 

As storage is still expensive, net-metering/FiT 
schemes have allowed customers to channel 
excess solar, resulting in installation of larger 
systems. These compensation schemes are 
decided by lawmakers and passed as part of 
legislations. Initially, compensation for solar 
was heavily tilted towards solar customers to 
kick start rooftop solar, with some regions even 
offering rates multiple times the retail rate. 
For instance, the rate initially in Canberra in 
Australia was 60 cents in 2009, 3.88 times the 
retail rate [26]. Over time, with the increased 
adoption of rooftop solar, falling solar costs and 
declining utilities revenues, the compensation 
has gradually lowered. In most regions now, 
the compensation rate has gone below the 
retail rate and rightfully so, according to several 
analysts. According to them net-metering was 
a program designed to kick start rooftop solar 
and had served its purpose. Nevada, in June 
2017, following the roll-back of net-metering 
amid scores of protests, adopted an approach 
of reducing the compensation tariff in four tiers 
from 95% of retail rate to 75% as more and 
more rooftop solar capacity was added. The 
first tier of 80MW was completed in around a 
year in August 2018 [27]. Some researchers 
are also talking about a time- and/or location-
based tariff, to rate solar exported to the grid 
according to its value to the grid at a particular 
time of the day at a particular location [28]. 
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It is pertinent to clear a misconception here 
that although with net-metering, power is being 
injected into the grid, it cannot go past the local 
substation transformer as it has traditionally 
been designed work in one direction in radially 
fed systems. Excess solar, more than the demand 
under a particular transformer, can actually cause 
problems to the grid, as explained in another 
chapter. That is why a limit, usually around 15 
to 30%, is set on the amount of solar that can 
be connected under a particular transformer. 
Once this limit is reached any new customer that 
wants to install solar would not be able to feed 
excess electricity into the grid. As a result, he 
would be limited by his minimum daytime load 
(to prevent oversupply), unless storage comes 
into play. 

Net-metering in Pakistan was approved by 
NEPRA in 2015. Since then, around 1100 
distribution licenses worth around 23 MW have 
been issued by NEPRA. LESCO and IESCO have 
been the frontrunners so far with around 8.5 MW 
and 6 MW respectively. Net-metering uptake 
has been slow so far but with increased initiative 
from the government and easing of the net-
metering application process, it is finally picking 
up pace. The numbers for the first 3 months of 
2019 have already covered around 50% of those 
for 2018 (11 MW). 

3.4 Storage
Storage has long been touted as the missing 
link with renewable energy. The biggest issue 

with renewable energy, especially wind and 
solar, is its intermittency. If somehow energy 
could be feasibly stored during renewable 
energy generation and discharged in times of 
non-generation, the transition to renewable 
energy would be complete. Although storage 
technologies have existed, they have been 
expensive to be used at a large scale. The 
major forms of storage technologies are 
compressed air energy storage (CAES), pumped 
hydro storage and batteries. It is batteries 
that have recently made giant leaps into 
becoming a feasible storage solution, boasting 
several successful examples along the way. 

Batteries differ from other storage forms in 
that they are portable, require relatively less 
space and are fast to respond, able to respond 
within 2 seconds. Furthermore, the cost of 
batteries has been decreasing quite rapidly. 
Battery costs decreased from around $1000/
kWh in 2010 to $230/kWh in 2016. Furthermore, 
the cost of batteries has been beating 
predictions consistently. The predominant 
battery technology for electricity storage 
is the lithium-ion technology, with research 
underway on several other technologies like 
sodium-based technologies. With more and 
more research being performed in this area, 
the cost of storage is expected to further 
plummet, as can be seen in the graph below. 

Figure 2: Falling costs of storage [29]



16

Besides providing backup, batteries are an ef-
fective source of providing grid-balancing, that 
is managing short spikes and dips in demand or 
supply. In South Australia in 2017, Tesla installed 
100 MW/129 MWh worth batteries paired up 
with the 2 GW Hornsdale wind farm. It cost A$ 
90.6 million to build and recovered more than 
25% of its costs in the first 6 months. A majority 
of the revenue (A$ 13.1) actually came from pro-
viding network services while the rest (A$ 10.8) 
came from sale of stored energy [30]. 

Besides this, there are countless other examples 
involving electricity storage across the world, 
growing every year. For instance, SCE, a major 
utility in California, installed two 10 MW Tesla 
systems worth 80 MWh at a Mira Loma substa-
tion to replace natural gas peaker plants. This is 
enough energy to power 15,000 homes for four 
hours. The systems were successful, supplying 
energy every day. In Abu Dhabi, 15 systems of 
sodium sulfur batteries have been deployed 
across 10 locations, adding up to 108 MW and 
648 MWh in total [31]. The project has been de-
scribed as the “world’s largest virtual battery 
plant”. The individual systems can be controlled 
as a single unit as well as individually if local grid 
support is needed. The purpose of these sys-
tems is to balance the grid as mentioned above 
as well as provide 6 hours of electricity backup 
for outages. 

The decrease in storage costs is alarming for 
utilities and must force them to act soon. As 
storage costs further decrease, people would be 
encouraged even more to install solar systems, 
as they would have to worry less about selling 
electricity to the grid. They would also not have 
to worry about the cap on solar connections to 
the grid as they would even be able to oper-
ate independent of it. Hence, solar-plus-storage 
can be termed the biggest danger to the utili-
ties business. Utilities must reinvent themselves 
around both before it is too late, as can be fig-
ured from the sub section below. 

3.5 Grid Defection and the ‘Utility 
Death Spiral’ 
As a result of distributed generation and stor-
age, a new phenomenon called grid defection 
has emerged, which has come to haunt utilities. 
This basically means customers defecting from 
the grid, either partially, by self-generating a 
part of their generation needs, or fully, by com-
pletely letting go of the grid. Partial grid defec-
tion is already in effect as rooftop solar is bloom-

ing. Full grid defection is still far because a large 
amount of still-expensive battery storage would 
be required to cover up for solar intermittency 
and successive cloudy days. Nevertheless, the 
Rocky Mountain Institute predicts favourable 
economics for full grid defection to start by ear-
ly 2020’s in major US regions including New York 
state, with Hawaii already past grid-parity [32]. 

Grid defection in any form is not good news 
for the utilities. Furthermore, as people defect 
from the grid, the fixed costs need to be cov-
ered by the remaining customers, hence raising 
electricity costs. This encourages the remain-
ing customers to also defect from the grid. This 
phenomenon has been termed the ‘utility death 
spiral’, a vicious circle of consumer defections 
from the grid. The worst part for the utilities is 
that ‘fighting’ solar or ‘flighting’ away from solar 
would not work [33]. This is because the eco-
nomics are moving so fast in favour of solar and 
storage that even anti-solar policies might not 
matter in a matter of a few years. The utilities 
must ‘innovate’, and must do it fast. 

A lot of utilities over the world are feeling the 
heat from grid defection and are innovating. 
For instance, E.ON, one of the biggest utili-
ties in Germany, experienced a 75% reduction 
in shares over eight years. Following this it split 
into two, with one company focusing solely on 
renewables. Some other utilities like AGL Ener-
gy in Australia partnered with a California-based 
storage provider, Sunverge, in 2016 to provide 
storage systems to 1000 existing solar custom-
ers [35]. Besides this, several utilities have in-
vested into distributed generation with SDG&E 
in California investing in installation of solar sys-
tems for customers on the utility side of the me-
ter [36]. Lastly, Commonwealth Edison in the US 
is trying its hand in a new business opportunity, 
selling data analytics and management services 
to their customers for better energy manage-
ment, covered in the topic below [37]. 

3.6 Smart Grids 

Smart grid is a relatively recent concept that 
has emerged in the energy sector. As its name 
implies, it involves making the entities involved 
in the energy generation, distribution and con-
sumption more intelligent using Artificial Intelli-
gence and Machine Learning to make the grid 
more efficient, secure and stable. It involves de-
ploying devices at different consumption and 
distribution points that measure data which is 
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Figure 3: ’Utility death spiral’ illustrated [34]

analysed to better manage and control the grid. 
For instance, demand patterns at a particular 
locality can be observed and supply can be ap-
portioned to it accordingly. Besides this, data 
from different devices as well as knowledge of 
fault patterns can be used to indicate problems 
before they actually happen. Smart grids also 
provide an opportunity for utilities to perform 
data analytics and advise customers to better 
manage their electrical resources. 

3.7 Demand-Side Management

Demand-side management (DSM) fits in well 
with the other disruptions mentioned above. 
DSM basically means managing the demand 
of the users to match supply and demand. The 
electrical grid is a system in which supply must 
match demand at all times, otherwise the sys-
tem would be unstable. Traditionally, with no 
real-time communication between the utilities 
and the customers, supply has had to match the 
demand. However, today, with better communi-
cation between utilities and customers, as well 
as the drive towards smart grids, it is possible 
to have customers adjust their loads according 
to the status of the grid supply. For instance, 
high-consumption devices like washing ma-
chines can be run or programmed to be run 
during non-peak times of electricity demand. 
Similarly, electric vehicles can be charged during 
non-peak times. 

There are several different ways to make DSM 
work. The simplest case would be for the utili-
ties to call or message customers to lower their 
usage. Alternatively, with smart grids, utilities 
can have access to some of the customers loads 
which it can control according to supply. All of 
this would of course be with a contract with the 
customer, compensating him in the process. 
Several pilot projects have been conducted 
around the world with decent success so far. 

It must be mentioned that smart grids and de-
mand-side management work very well with 
solar. The main hindrance in the way of DSM is 
the fact that consumer behaviours change very 
slowly. However, if the customer has installed 
solar which produces excess electricity during 
a certain time and then fizzles away, he would 
have a greater incentive to shift his load. It 
would help him utilize solar much more effec-
tively in the absence of storage. Along with so-
lar, another thing that can help achieve DSM is 
having variable rates during the day based on 
the demand and supply situation, as described 
below. 

3.8 Time-of-Use Pricing 

Time-of-use (TOU) pricing is an interesting con-
cept that bodes well with the concept of solar 
generation and demand-side management. 
This basically means charging different rates at 
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different times of the day according to the sup-
ply of electricity. In times of electricity shortage, 
the rates can be increased and in times of glut 
they can be decreased. This can help with de-
mand-supply management and grid stability, 
especially as more and more solar is added to 
grid. For this reason, in Hawaii, where there is 
too much rooftop solar, the electric company, 
HECO, plans to use time-of-use pricing to han-
dle it [38]. A basic form of time-of-use pricing is 
already there in Pakistan with peak and off-peak 
electricity rates. 

Time-of-use pricing complements solar energy 
perfectly. As storage is still expensive, there is 
generally a limit to the amount of solar that can 
be produced because it has to be consumed 
right away. With time-of-use pricing, customers 
can be encouraged to consume more electricity 
during times of peak solar production by reduc-
ing rates at these times. A lot of the loads in the 
industrial sector as well as the residential sector 
can be shifted around during the day. For exam-
ple, automatic washing machines can be set to 
operate during peak solar hours when the rate 
of electricity is lower. Similarly, certain industrial 
processes can be run at times when the sun is 
up. 

Time-of-use pricing can work for electricity con-
sumption as well as generation on the custom-
ers’ side. In order to prevent all solar customers 
from selling all of their generation at the same 
time, utilities can provide them with a rate that 
is less during the day (peak solar time) and high-
er during the evening and night. This would in 
turn encourage storage which would help the 
utilities balance demand with supply better as 
the sun goes down (however, utilities must be 
wary of customers using the stored electricity di-
rectly if it becomes so cheap). Electric Vehicles 
can work very well with this scheme as well. They 
can be charged during the day and can be used 
to provide electricity to the grid at a pre-deter-
mined time when supply is usually short. 

3.9 Electric Vehicles 

Electric vehicles (EVs) are growing in number all 
over the world. More and more countries are 
legislating for the inclusion of electric vehicles 
into the mix, providing subsidies in the process. 
Norway plans to ban sale of fossil fuel based ve-
hicles by 2025 [7], Netherlands by 2030 [39]. In-
dia has announced to increase the share of EVs 

to 30% by 2030 [8]. 

Electric vehicles, due to their composition, pro-
vide an excellent resource of energy for the grid. 
Each car consists of a high quality battery pack 
and inverter, both of which could be used to 
support the grid. Moreover, charging of the bat-
teries can be performed at times of peak supply 
and discharged to support the grid in times of 
shortage. Tesla sold more than 70,000 Model S 
cars in 2015 which amounts to 5 GWh of stor-
age and 21 GW of bi-directional high quality 
inverters [40]. All of these can be an excellent 
source of providing backup and stability to the 
grid. Electric vehicles can also be a useful tool to 
solve the excess electricity problem Pakistan is 
expected to face by adding a significant amount 
of load to the mix. 

3.10 Electricity Markets 

Around the world, the unbundling of the energy 
sector has led to the creation and evolution of 
the wholesale market. Previously, everything was 
vertically integrated and state-owned with only 
one entity responsible for generation, transmis-
sion and distribution. With separate entities in 
charge of different aspects, sophisticated elec-
tricity markets have taken shape. Generally, the 
new market can be divided into capacity, day-
ahead and frequency markets. 

•	 In capacity markets, the grid operators buy 
long-term power guarantees from genera-
tors irrespective of power being needed to 
provide security to generators.  

•	 In the day-ahead market, energy is pur-
chased according to the forecasted demand 
for the next day. Even in this market a min-
imum amount of energy at certain times of 
the day can be booked for longer periods 
of time.  

•	 Frequency markets are real-time markets 
in which control over a small amount of ca-
pacity can be obtained for typically 5 to 30 
minutes in order to stabilize instantaneous 
demand and supply. This has to respond 
within typically 30 seconds and is the most 
expensive to purchase.  

The next step in the electricity market is for the 
end-customer to have choice regarding the re-
tailer that supplies electricity to his doorstep. 
This is being experimented in different regions 
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of the world now and is expected to take shape 
in the next few years.  

Pakistan itself has introduced the NEPRA Act 
2018 in which the creation of a Competitive 
Trading Bilateral Contract Market (CTBCM) has 
been proposed by 2021. This would involve dif-
ferent participants including suppliers and re-
tailers in an open market. It is explained in more 
detail in a later section.  

3.11 Carbon Trading 

In an effort to curb carbon emissions, the con-
cept of Carbon Trading has taken shape in 
developed countries of the world. Under this 

scheme, the government issues permit to rel-
evant companies, either free or by auction, for 
a certain amount of approved emissions. If the 
company manages to cut its emissions, it can 
trade the remaining permits on the market with 
companies that exceed their allotted emissions. 
This provides an incentive to companies to cut 
down on their emissions. 
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Distributed generation brings with it countless 
benefits. Several studies have been conducted 
all over the world to do cost-benefit analyses of 
distributed solar. In a large number of studies, 
solar has been assigned a value higher than 
its retail price due to its environmental and 
social benefits, as mentioned below. Due to 
these factors, far from being net cost, solar has 
been seen as a net-benefit in many studies. For 
instance, a study by Minnesota Public Utilities 
Commission, in 2014, valued solar at 14.5 cents/
kWh, when the retail rates were around 11 cents/
kWh [28]. Although, there have been studies on 
the contrary like the Louisiana PUC study which 
found that net-metering customer did not pay 
the full cost of service, a review of 11 studies 
conducted by Environment America Research 
and Policy Center found distributed solar to be 
offering benefits to the entire electricity grid 
[28]. A lot of utilities over the world are now 
setting a compensation rate for distributed 
solar while factoring in the benefits that it brings 
to the table. 

4.1 Clean Energy 
Distributed solar provides clean electricity using 
the sun’s seemingly limitless energy, which 
is free of cost. In today’s world, with pollution 
levels reaching emergency levels, there is a 
dire need to protect the environment. Pakistan, 
in particular, is desperately struggling with 
environmental problems. Harmful pollutants in 
the air have far exceeded safety limits and many 
cities in Pakistan have been listed amongst 
the most polluted cities in the world. Smog, 
produced with the mixing of pollutants such as 
Carbon Dioxide, Sulphur Dioxide and Oxides of 
Nitrogen with the air, has emerged as a significant 
health hazard in many cities. Furthermore, 
according to Pakistan Environment Protection 
Agency (Pak-EPA), the levels of certain types of 
particulate matter (PM) in the air in Lahore far 
exceed the WHO specified limits. Both Lahore 
and Faisalabad have been named in the top 10 

most polluted cities in the world [9]. Pakistan has 
also been listed as the seventh most vulnerable 
country to climate change [20]. 
The figures below show the concentration maps 
of Nitrogen Dioxide and PM2.5. The concentration 
of these harmful particles has reached alarming 
levels, especially in urban centres of Pakistan. 
Pollution, with air pollution being the major 
culprit, accounts for over 310,000 deaths (22%) 
in Pakistan with many more suffering from 
respiratory illnesses [41]. Desperate measures 
must be taken in order to protect our future 
generations from life-threatening problems. 
The major culprits in the deteriorating 
environmental conditions of Pakistan remain 
the power generation and transportation 
sector. A transition to renewable energy in the 
electricity sector can go a long way into solving 
the pollution and global warming issue in the 
country. Furthermore, if the transport sector can 
be electrified, it can even cut the emissions from 
vehicles, which could be monumental towards 
solving the pollution crisis Pakistan finds itself in.  
A better environment results in lesser health-
related costs, lesser damages to building 
and numerous other benefits that indirectly 
help in saving significant amounts of money. 
The avoided carbon costs and environmental 
compliance costs also adds additional worth to 
distributed solar. 

4.2 Supports Grid Supply
Distributed solar helps utilities cover up for the 
shortfall in supply during times of peak demand. 
It can help utilities save costs by eliminating the 
need to have expensive plants operating to 
provide backup during times of high demand. 
Due to the way the electricity markets work 
in a lot of countries, the electricity bought by 
utilities to cover instant fluctuations is the most 
expensive. This is because these require fast-
responding gas plants that are costlier. Even in 
Pakistan, the economic dispatch model ensures

DISTRIBUTED GENERATION BENEFITS 4
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that cheap sources of electricity are utilized 
first. As demand increases, the costlier sources 
are added to the mix. The electricity provided 
by solar complements the energy provided by 
the utilities and helps utilities avoid purchasing 
expensive electricity. Furthermore, in doing so 
it also stabilizes the prices on the short-term 
electricity market. 
Distributed solar also does not require 
contractual terms that are needed for utility-
scale investors. As mentioned previously, in 
order to attract investors for utility-scale solar 
certain terms are offered that are highly in 
favour of the investors. For instance, any loss in 
production does not cost the investor anything. 
With utility solar, due to smaller investments, 
such terms are not necessary. 

4.3 No Need of Additional 
Infrastructure
Another significant advantage of distributed 
generation is that there is no need for additional 

infrastructure. As demand increases, expensive 
grid updates need to be performed in order to 
increase the capacity of the grid. Furthermore, 
more generation plants need to be constructed 
that upset the landscape and result in 
controversy. More transmission and distribution 
lines need to be built. All these, in effect, make 
their way into the ratepayers’ bills increasing the 
retail costs of electricity. 

Going forward, rather than making expensive 
upgrades to the grid and building more 
transmission lines, utilities can invest in 
distributed solar to manage the increase in 
demand. With distributed solar, electricity is 
consumed at or around the generation site, 
eliminating the need for expensive upgrades.

Distributed solar can also be employed by 
the utilities to provide electricity to those 
regions which have not been connected to the 
grid without laying an additional network of 
transmission and distribution lines. 

Figure 4: The concentration of NO2 across various regions in Pakistan [42]
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Figure 5: Concentration of PM2.5 across various regions in Pakistan [43]

4.4 Significantly Less Losses 
Due to the fact that distributed generation is 
located at or close to its point of consumption, 
it suffers from very little distribution losses which 
form a significant part of the traditional electricity 
supply. According to the latest Hydro-carbon 
Development Institute of Pakistan (HDIP) Report 
2017, the losses in Pakistan’s power systems have 
reached 19.8% [10]. The losses have been more 
pronounced because of the fact that traditional 
sources of power generation, by their nature, 
need to be situated far from urban centres. If, 
in the future, utilities could incorporate rooftop 
solar in its power mix, it could help save the 
utilities a lot money in terms of avoided losses. 

4.5 Better Maintenance 
As distributed generation inherently encourages 
more production, be it for self- consumption 
or feeding into the grid, the installers have a 
greater incentive to clean and maintain them 
for maximum production. This was one of the 
things China noted when it ventured into large-
scale solar systems. Although, the investors 

had an incentive to install the system, they did 
not have any motivation to produce maximum 
power due to which they didn’t maintain the 
systems. The same was experienced by Pakistan 
with the Quaid-e-Azam solar park. As the park 
was situated in a desert area, the sheer amount 
of dust covered the solar panels, rendering them 
inefficient. Distributed solar on the other hand, 
rewards installers according to its production. 
Furthermore, a small system managed by its 
actual owner is easier to maintain on a regular 
basis. As a result, more electricity is produced, 
benefitting the installer and the grid. 

4.6 Grid Stability Using Inverters 
Rooftop solar invariably uses inverters in order 
to convert the DC electricity produced from 
the panels into AC. These inverters have useful 
functionalities and can provide ancillary services 
to the grid in times of need. Inverters can sense 
the voltage levels and other parameters of the 
electricity on the grid and act accordingly. They 
are capable of operating at a variable power 
factor and can essentially insert reactive power 
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on the grid in times of low voltages or absorb 
reactive power in case of higher voltages, as 
a result stabilizing the grid. Inverters can also 
shape the wave to the 8th harmonic, stabilizing 
the voltages and currents on the grid as required. 

Not only do the inverters provide direct grid 
support but can also provide the utilities with 
real-time data on how well the grid is performing 

in a particular area. This is something being 
done by Enphase micro-inverters in the Hawaii 
grid [44]. Furthermore, analytics performed on 
this data can lead to enhanced capabilities like 
demand forecasting and fault detection that 
the utilities can invest into. This is a market 
Commonwealth Edison in US has taken a leap 
into [37]. 
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While distributed generation brings with it a 
myriad of benefits, it is not devoid of challenges. 
However, these challenges are far from being 
unsolvable and are similar to those expected 
with every new technological revolution. If 
an approach to address these problems is 
developed when distributed generation is still 
in its infancy, it can go a long way in successfully 
integrating it with the utilities’ structure. 

5.1 Revenue Erosion for Utilities (With 
or Without Net- Metering) 

One of the biggest obstacles in the way 
of distributed solar is the fact that with its 
increased adoption utilities’ revenues decrease 
as solar consumers would now be using less 
electricity from them. This is so with or without 
a mechanism of feeding electricity into the grid. 
Furthermore, these defections are initially mainly 
from the good customers with a lot of electricity 
demand, like shopping malls, industries and 
universities. In Hawaii, from 2007 to 2016, 
utilities suffered a 21% decrease in sales [11]. US 
utilities are expected to lose $18 to $48 billion 
per year over the next decade due to rooftop 
solar [12]. As a result, the utilities, which in fact 
own the grid, have little incentive to promote 
distributed generation. Countless examples can 
be seen across the world where resistance has 
come from utilities against distributed solar. This 
resistance has usually highlighted some other 
challenge posed by distributed solar on the 
front but it cannot be ignored that the declining 
revenue issue is at the heart of it. Several utilities 
have been accused of lobbying in assemblies 
to have bills passed against the promotion of 
rooftop solar.

In Nevada, for instance, in 2015, Warren Buffett’s 
company, NV Energy, came in the center of a 
storm when the state Public Utilities Commission 
decided to triple the service fee for rooftop solar 
and bring down compensation for solar energy 

to wholesale rates over the next twelve years. 
The reason given was that non-solar customers 
were unfairly subsidizing solar users, whereas 
several studies revealed otherwise [28]. Prior 
to this, rooftop solar had thrived in the sunny 
state of Nevada with rooftop solar increasing by 
400% from 2014 to 2015 [45]. Warren Buffett, in 
a letter to investors in 2016, also wrote about 
the risks faced by their utilities from distributed 
resources [46]. There have been countless other 
cases such as in New South Wales, where utilities 
were accused of delaying rooftop solar permits 
by exaggerating the grid instability issue with 
solar in order to protect their revenues [47]. 

5.2 Rate Mechanism and Unfair 
Distribution of Fixed Costs 
Another issue with rooftop solar that needs 
to be tackled is that of a viable compensation 
scheme. If the compensation is too high, the 
utilities stand at a disadvantage for buying ex-
pensive electricity when they could have bought 
cheaper at wholesale rates. On the other hand, 
if the compensation is too low, the incentive for 
installing solar dies out, although consumers 
can still install smaller systems for self-consump-
tion. Solar also brings with it a lot of advantages 
that wholesale fossil-fuel-based electricity does 
not, which must be weighed into the compensa-
tion. All in all, it is a tricky situation that must be 
settled on a common ground. 
This issue has given rise to the discussion of al-
ternative rate structures to replace the current 
unit-based pricing. Most of them comprise 
a varying mix of fixed charges and demand 
charges on top of volumetric rates. 

Volumetric charges, conventionally in place, are 
charged on the units of electricity consumed by 
the customer. Furthermore, if he is supplying 
energy to the grid, he gets compensated per 
unit at the rate set by the regulatory authority. 
Fixed charges are those that are applied to 
every customer who is connected to the grid. 

DISTRIBUTED GENERATION 
CHALLENGES5
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Fixed charges essentially reflect an emphasis 
towards grid connection, in which connection is 
more important than actual consumption. They 
can be introduced in the face of grid defection, 
where customers are increasingly relying on 
distributed generation and are consuming lesser 
units from the utilities. Fixed charges bring solar 
customers more in parity with non-solar ones. 
Demand charges are applied according to the 
maximum demand of the customer during a 
month. They are introduced based on the idea 
that both solar and non-solar customers draw 
similar amounts of maximum power because 
when the sun is down both would draw equal 
amounts electricity from the grid. By throwing 
a charge proportional to this figure could help 
better allocate grid costs amongst the two 
groups. 

Rate mechanisms have also been used by 
authorities to stem the growth of solar. In 
Hawaii, after the quick adoption of solar led to 
instability in the grid, the regulatory authority 
closed net-metering to new customers in 2015 
and replaced it with two tariffs, “self-supply” 
and “grid-supply” [48]. With “self- supply” 
customers would receive an expedited review 
but would be restricted in supplying energy to 
the grid, which it would not be compensated 
for. Under the “grid-supply” option consumers 
would be able to supply energy to the grid but 
would be compensated at the wholesale rate, 
a far cry from the retail rates in net-metering. 
Besides, all solar customers connected to the 
grid would need to pay a minimum monthly 
bill, $25 for residential and $50 for commercial. 
Although, the concern about grid stability was 
real in the case of Hawaii as on many circuits the 
amount of solar had exceeded 30% of the peak 
load, the new rate changes were met with strong 
opposition. It must be noted, however, that 
growth of solar PV installations didn’t decline, 
with 109MW being installed in 2017 alone [49]. 
This is an example of solar thriving even in the 
face of unfavourable polices because Hawaii, 
with its exorbiant electricity rates had already 
reached grid-parity.  

5.3 Grid Instability 

A genuine challenge associated with distributed 
solar is the fact that it can have certain undesirable 
effects on the grid. However, when approaching 
these effects two things must be kept in 
mind. Firstly, they only happen at high solar 

penetration. Secondly, with proper planning and 
a little bit of effort they can easily be resolved. 

To understand these issues, it must be noted that 
with distributed generation, although electricity 
is supplied to the grid, this electricity can only 
be consumed at the local substation transformer 
level. It cannot travel beyond the substation 
transformer as it is only designed for one-way 
flow in radially fed systems. Once the solar 
systems on a particular substation transformer 
produce more power than is needed, the 
voltage levels at the transformer can rise and can 
potentially cause damage to the equipment [14]
[13][15]. It can also result in a certain amount of 
undesirable backfeed from the transformer that 
can mess up transformer line  drop compensation 
settings for voltage control. Furthermore, if a 
large part of the power at a transformer is being 
provided through distributed solar, frequent 
fluctuations can cause more frequent changes 
to the transformer settings especially load tap 
changer settings, leading to greater wear and 
tear of the equipment. Voltage flicker due 
to dips in solar irradiance are also an issue at 
higher penetration. Lastly, inverters without 
ride-through capability can trip during voltage 
or frequency fluctuations, resulting in outages.

Although these issues exist, it has been shown 
that they can be solved with minimal effort and 
forecasting. First of all, there is a limit to the 
amount of rooftop solar that can be connected 
to the grid. Several studies have shown that 
the limit of 15 to 30% is more than sufficient to 
keep grid problems under check. In actuality, 
this limit can even be exceeded if solar can be 
better forecast and controlled using inverters. 
The inverters, in effect, can shape the wave up 
to the 8th harmonic and can also prevent solar 
from entering the grid if there are chances of 
grid instability. The ride-through capability in 
certain inverters to prevent it from tripping easily 
provides stability to the grid during voltage and 
frequency fluctuations. Lastly, protection relays 
can be introduced to prevent energy from being 
fed into the grid at undesirable times.

This problem was predominant in Hawaii 
where electricity rates are exorbitantly high. 
As a result, people rushed to install rooftop 
solar due to which the limit of solar on certain 
feeders was reached [50]. Permits had to be 
delayed in some cases for more than a year. 
Subsequently, in order to stabilize the growth 
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of solar, the regulatory authorities closed 
net-metering to new customers in 2015 and 
replaced it with two tariffs as mentioned above. 
Furthermore, HECO, the utility, announced 
plans on upgrading the grid. As opposed to 
only investing in the hardware, this time they 
planned to focus more on the software side 
of things. Smart meters were planned to be 
deployed with solar customers in dense solar 
areas with advanced software to make better 
usage decisions. Furthermore, fault-detecting 
devices would be deployed on the utility side of 
the meter along with more volt-var controllers 
on the grid. HECO also plans to make more 
use of inverters to provide grid stability with 
their ride-through functionality and the ability 
to provide reactive power. It also plans to make 
use of time-of-use pricing to better manage the 
excess rooftop solar. All of these together could 
help them absorb three times the existing solar 
energy into the grid [51]. 

Lastly, on the topic of stability and security, it is 
very important that solar installations be islanded 
from the grid during outages or maintenance. If 
that is not done, electricity might be inducted 
into the grid during these times causing damage 
to the equipment and creating life hazard for 
the linemen. This problem is more profound in 
Pakistan where typically, the ground line is not 
properly connected. Proper disconnection from 
the grid during outages must also be put into 
legislation to prevent disasters and fatalities 
from happening. 

5.4 Demand-Supply Matching 

This issue is related to the unpredictability of 
solar energy and other renewable resources. 
As more and more distributed systems get 
connected to the grid it gets harder for utilities 
to predict their generation and match demand 
accurately. This is because solar irradiance at a 
particular location can get affected by factors 
such as cloud cover and fog. However, this 
problem can be tackled in a variety of ways. On 
cloudy or foggy days, sufficient backup power 
provided by conventional sources can be kept 
at hand. Sufficient amounts of battery storage 
can be adopted. Better forecasting can be 
performed aided by real-time data from solar 
installations. 

It is pertinent to mention that this issue is less 
of a problem with Pakistan with predominantly 

sunny days throughout the year. 

5.5 The ’Duck Curve’ Problem 

The Duck Curve problem was first raised in a 
report in 2013 by California Independent System 
Operator (CAISO) [52]. Basically, this problem is 
not specifically a distributed solar problem but 
a solar problem in general. This is different from 
the grid instability problem mentioned earlier 
which was only at the substation transformer 
level due to distributed generation. The Duck 
Curve problem pertains to penetration of 
solar in the overall distribution system that 
includes distributed solar and utility scale solar 
installations. Nevertheless, it is an important 
problem that must be mentioned as it is bound 
to appear as solar-based electricity increases in 
the mix. 

The Duck Curve problem is illustrated in the 
figure below. As increasing amounts of solar get 
added, during the day, an excessive amount of 
solar-based electricity would be produced. To 
prevent oversupply of electricity, as electricity 
supply must match demand at all times - many 
conventional power plants would need to be 
turned off. However, as the sun goes down and 
solar energy starts to fall rapidly, conventional 
generation would need to ramp up quickly to 
meet demand. The problem is that, generally, 
conventional generation does not have the 
capability to ramp up so fast, except for hydro 
power and certain natural gas plants. This 
means that at the time of peak solar generation, 
these plants need to provide a certain minimum 
amount of power in order to ramp up in time 
to meet the evening demand. This means that 
a minimum amount of conventional generation 
would always be needed, limiting the amount 
of solar penetration in the system. Furthermore, 
some conventional plants are always required to 
be on during the day time to provide backup 
in case of fluctuations in solar energy as well as 
frequency control which further limit the amount 
of solar than can be added to the system. As a 
result, the maximum amount of solar the system 
can handle is limited and the excess would 
need to be curtailed or managed in another 
way. Studies show that a maximum of around 
20% of solar in the grid (in terms of energy not 
capacity) can be handled without significant 
curtailment. Regions with high solar penetration 
like California and Germany have had to sell 
electricity at negative prices due to this problem 
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which must be planned for ahead of time. 

It is to be noted that with Pakistan’s electricity grid 
the onset of the Duck Curve problem might appear 
earlier than the 20% figure for developed countries. 
This is because Pakistan might not have as much 
ramping up capability and storage available to quickly 
cover up for the evening demand. Studies must be 
conducted to get an idea of the impact of the Duck 

Figure 6: The CAISO Duck Curve [52]

Curve considering Pakistan’s demand curves 
and generation mix.

The Duck Curve problem is essentially a 
problem of there being minimum conventional 
generation during the day limiting the amount 
of solar energy on the grid. Below a certain 
percentage of solar, this problem does not 
occur. There are certain ways in which this 
problem can be mitigated: 

•	 Investing in storage which can provide 
backup as well as shift load  

•	 Investing in fast-responsive natural gas 
plants which are expensive  

•	 Demand-side management to increase 
load during peak solar hours  

•	 Using electric vehicles that charge during 
the day and supply energy during the 

evening  

•	 Exporting electricity to neighbouring 
regions  

It must be noted that the Duck Curve is a 
problem that occurs at a very advanced stage 
of solar penetration, when the combined 
generation has a significant chunk from 

renewable sources (around 20%). Rooftop solar is 
unlikely to alone cause the duck curve problem. 
However, this problem must be planned for 
because solar in general is expected to be a 
big player in the energy mix in the future. More 
visibility into and control of solar installations 
should definitely assist in alleviating this problem. 
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Around the late 1980’s and early 1990’s, all over 
the world, the electricity sector experienced 
a wave of restructuring. Initially, the utility 
model was a monopoly model, where the 
government owned everything. The first 
wave of restructuring saw the unbundling of 
distribution from generation and transmission 
followed by privatization in the generation side. 
Now, the electricity sector is moving towards a 
retail market, where there would be numerous 
buyers and sellers and customers would have 
the options of subscribing to the utility of their 
choice. 
In Pakistan, following partition, the entire 
electricity infrastructure was in the hands of the 
public sector. However, in the early 90’s, following 
the global drive towards unbundling the power 
sector, reforms were introduced to do the same. 
The Strategic Plan for Restructuring the Pakistan 
Power Sector was introduced. Under these 
reforms, the power sector was split in various 
entities, with WAPDA only being responsible for 
hydro power. Generation companies (GENCOs) 
and independent power producers (IPPs) were 
responsible, along with WAPDA, for generation. 
National Transmission and Despatch Company 
(NTDC) was created to oversee transmission. 
The National Power Control Center (NPCC) was 
to manage voltage and frequency control of the 
transmission grid as well as match demand with 
supply. On the distribution side, 9 distribution 
companies (DISCOs) were created to distribute 
power to the customer. A separate independent 
body, National Electricity and Power Regulatory 
Authority (NEPRA) was formed to oversee 
fairness among various stakeholders. Central 
Power Purchase Agency (CPPA) was made 
responsible for the purchasing of wholesale 
power and selling it to the distribution 
companies. It is to be noted that apart from the 
IPPs, all the entities involved are state-owned. 
Apart from that K-Electric is the only privately-
owned vertically-integrated utility in Pakistan 

with its own mandate. It purchases power from 
the CPPA like other utilities. 
This is how things stand in Pakistan today. 
In order to purchase electricity, the DISCOs 
communicate their demand to the NTDC. The 
NPCC allots power to the Discos from various 
generation sources according to an economic 
merit order on a daily basis. The economic merit 
order lists the available generation sources 
according to their costs. The cheapest sources 
are utilized first and the transactions are made 
through the CPPA. The generation companies 
get paid according to the electricity they supply. 
Besides that, in order to provide them with 
incentive to invest, they are bound to be paid 
capacity payments even if they don’t supply any 
electricity. 
In the late 2000’s and early 2010’s, Pakistan 
suffered a lot of electricity shortage. As a result, 
long hours of load-shedding were experienced 
even in major cities of the country. In order to 
correct that, a large number of power plants 
were commissioned. Commissioning of so 
many plants led to overcompensation, so much 
so that Pakistan now faces an electricity supply 
glut for the next several years. Already, the 
installed capacity of 33,000 MW in 2017 was 
more than the demand which varied from 8,000 
to 26,000 MW during the year. By 2025, the peak 
generation capacity is going to become around 
62,000 MW while the demand might touch 
40,000 MW. In 2018-19, Pakistan is expected to 
use 128 TWh out of the 169 TWh generation 
capability, with capacity payments amounting 
to 664 billion Rs of which 162 bn would be for 
idle capacity. If things don’t change, capacity 
payments will reach around 1500 billion Rs by 
2025. Furthermore, with distributed generation 
gathering pace, the supply would even exceed 
this figure. It is expected that by 2022, the total 
amount of rooftop solar may touch 5 GW [6]. 
This would lead to even more unutilized energy.  

CURRENT UTILITY MODEL AND 
ELECTRICITY SITUATION IN PAKISTAN6
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Serious planning is required in the energy 
sector to absorb this excess power as well as 
accommodate rooftop solar into the overall 
scheme of things. If necessary planning is not 
performed at this time, due to the enormity 
of the situation, things could get out of hands 
very easily. In 2017, 950 MW worth solar panels 
were imported, more than the last four years 
combined. In a nascent market, it is only 
expected to grow. Furthermore, it must be kept 
in mind that rooftop solar looks set to stay. It 
has now reached a stage where it can proliferate 

solely based on favourable economics like in 
Hawaii. Considering the issues that unmonitored 
rooftop solar can cause, it is imperative to 
integrate it somehow in the utilities model so 
that its growth can be guided and the energy 
from rooftop installations be better controlled. 
In the next section, we present a proposed 
model for utilities going forward as well as 
recommendations on how to approach rooftop 
solar.
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It is clear from the above discussion that utilities need to evolve to protect their business. 
This is also good for the electricity sector. Utilities, with all their experience and capabilities, 
form the backbone of the electricity sector. Healthy utilities are essential for a stable and 
secure distribution of power. Hence, a future in which the utilities can live in harmony with 
the latest disruptions, especially distributed solar, is essential. 

FUTURE UTILITY MODEL 

7.1 Upcoming legislations and 
opportunities 
It is pertinent to mention that there is an 
important development taking place in the 
power sector in the near future that can be 
leveraged for this purpose. According to the 
NEPRA Act 2018, by early 2021, distribution 
companies are going to be separated into 
retailer companies and companies owning 
the wires and infrastructure. The role of the 
retailer companies would be simply to purchase 
power from the cheapest sources, pay the wire 
companies the fee for wheeling that electricity 
and charge customers for the electricity they 
supply. The inherent advantage of this division 
would be that the retailers would have no 
other worry but to focus on the business side 
of things. It would be an ideal time for them to 
reinvent themselves taking into account the new 
disruptions in the power sector. 

7.2 Need to reinvent 
The retailer side of utilities would need to 
engage customers in the future and offer tailor-
made packages according to their needs. 
Interacting directly with customers has never 
been the forte of utility companies, unlike some 
other businesses like the telecomm sector. The 
only regular interaction the customers have with 
utilities is when they get their electricity bills. 
Customers usually have zero choice in the service 
they receive, unlike the telecomm sector where 
there are loads of customer-oriented packages 
that people can choose from. As a result, the 
perception of utilities among customers has 
also not been very favourable for one reason or 
another. 

The utilities, in the future, would need to 
change all this. They would need to have better 
customer relationship, tailor different packages 
for different kinds of customers and improve 
their perception among people. These are 
some of the aspects utilities can look into: 

•	 With so much in the mix like distributed 
solar, demand-side management, electric 
vehicles, etc, different rate schemes can be 
designed to optimize energy use, maximize 
profits and satisfy customers.  

•	 Within distributed solar, for instance, to 
promote storage, an option can be provided 
of higher compensation rates during the 
evening and lower during the day.  

•	 In demand-side management, customers 
could sign into a utility program in which 
they would reduce a certain amount of their 
load upon a message from the utilities in 
return for benefits.  

•	 Programs for EV charging could be designed 
where customers would have incentive to 
charge (or discharge) their batteries at times 
when it would most benefit the grid.  

However, as mentioned above, utilities tend 
to be weak in this front. A lot of effort would 
be required from them, an impetus for which 
could be provided by the restructuring of the 
distribution companies. Large scale advertising 
and marketing would need to be performed to 
reach out to every customer, similar to the way 
telecomm companies operate.

 7.3 Recommendations 
In light of the benefits and challenges of 
distributed solar, as well as the upcomming 
legislation in hte power sector, we have 

7



31

proposed the following recommendations for 
the power sector going forward, keeping in mind 
the experiences of other regions with distributed 
solar. It is hoped that they would be beneficial in 
ensuring a smooth transition to the power grid of 

the future. 

Overcoming the basic utility revenue 
problem  

The problem of utilities losing out on revenues 
is a big problem, as mentioned above. Being 
the backbone of the power system, they cannot 
be allowed to lose interest in the effort towards 
clean energy. Taking into account the approaches 
taken in different regions, we propose three 
approaches by which this could be done: utility 
ownership of solar systems, a buy-all-sell-all 
policy and revamping of building mechanism.  

Figure 9: Future power grid [55]

•	 Approach 1: Utility ownership  

Utility ownership in itself can be implemented in 
the following ways:  

•	 Utilities can build and own complete systems 
on homeowner’ rooftops and adjust the costs 
in the electricity rates.  

•	 Utilities may partner with third parties in much 
the same way as individuals today partner 
with third parties. Utilities can purchase 
electricity from these third parties and sell 
to customers at a profit, with the installation 
getting transferred to the utilities at the end 
of a certain period. This arrangement would 
also be preferable for third parties as they 
would not have to worry about defaulting 
because they would be doing business with 
an established organisation. The utilities 
in turn, would not have to worry about the 
installation and maintenance of system.

As for the systems, they could be installed on 
homes of individuals who agree with it. They 
could be compensated in the form of rent and/
or reduced electricity rates for a certain period 
of time. The Arizona Public Service actually 
proposed a plan in 2014 to install 3000 solar 
installations on customer’s roof, paying them a 

rent of $30 per month.

Under this scheme, customers who install solar 
outside the bracket of utilities should have to pay 
a fixed fee if they also wish to remain connected 
to the grid. Partial grid defection should be 
discouraged. As full grid defection is far from 
being economical at the moment, utilities must 
blend in and take control before it does.
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Utility ownership of solar installations would also 
have the following benefits that would mitigate 
a lot of challenges distributed solar brings: 

•	 The inverters of all solar installations would 
be centrally controlled, getting adjusted 
according to the need of the hour. This 
would allow for better grid stability as 
inverters can provide certain essential grid 
services as mentioned above. HECO in 
Hawaii employed this successfully with the 
help of Enphase micro-inverters.  

•	 It would allow for the distributed solar 
installations to be guided and controlled by 
a central authority, preventing a haphazard 
growth of rooftop solar leading to grid 
instability. Solar installations would be 
approved keeping in view the situation of 
the grid. Better quality inverters may be 
required for more congested areas.  

•	 Installations would be encouraged in areas 
where they are more needed. The feed-
in tariff can be varied to engage more 
customers and vice versa.  

•	 The utilities would have real-time data of 
production from distributed sources allowing 
it to better meet supply with demand as well 
as forecast demand.  

All these factors would play their role in bringing 
the best out of distributed solar for all the 
stakeholders involved.  

•	 Approach 2: Buy-all-sell-all  
If the utilities don’t go into owning rooftop solar, 
alternatively, customers who install solar could 
be incentivized to sell all the solar they produce 
to the utilities at rates less that retail prices but 
higher than wholesale rate. If in addition to this, 
they want to consume as well they would be paid 
minimal compensation for it or a significant fee. 
This was done in Hawaii following the massive 
uptake of rooftop solar by their citizens. 

The concept behind this approach is that in 
this way the solar customers will be just like 
another supply source for the utility which it 
would be selling at with a profit margin. When 
the utilities get bypassed completely, that is 
when it becomes a revenue problem for the 
utilities. By not self-consuming, the customers 
would not be cutting into the revenues of the 
utilities. The utilities would also be able to 
appreciate the wide benefits that rooftop solar 
offers and would want to encourage its growth. 
On the other side, the customers as well would 
need to be given a viable incentive to prevent 

them from consuming the energy from their 
installations. The government can step in here 
as well to support the utilities as the strength of 
the utilities is a benefit for the country. 

•	 Approach 3: Revamping of billing 

mechanisms
In the face of consumers becoming “prosumers”, 
the billing mechanism must be revamped. 
Going forward, utilities must separate revenues 
from units of energy as their ultimate goal is 
revenue not production. The electricity grid 
involves a majority of fixed costs in the form of 
huge infrastructure but fixed charges form an 
insignificant portion of the bill which is calculated 
on the basis of units consumed. There are three 
main things that the utilities can do: 

•	 Fixed chargers can be made use of as done 
in several states around the world. As the 
connection to the grid might be of more value 
in the future than actual units consumed, the 
unit-based rate can be lowered and fixed 
charges according to usage. However, now, 
with distributed solar, a lot of customers 
might not be paying their fair share of fixed 
costs due to less usage even through they 
are using the grid for consumption as well as 
feeding in electricity.  

•	 Instead of net-metering, a less than retail 
rate feed-in tariff should be introduced 
to allow utilities to make profit out of the 
purchased electricity. Net-metering has 
now become an obsolete program due to 
decreased costs for solar, intended for initial 
solar uptake which is not needed now.  

•	 Demand chargers, based on maximum 
demand in a certain time interval over a 
month, can be introduced to even out costs 
between solar and non-solar customers. 
This is because the capacity has to be built 
for the maximum load even if the customer 
consumes less overall units. This is more 
similar in nature to the fixed cost division 
today in which those who stress the grid 
more, pay higher bills. 

Rooftop solar feasibility studies  
Feasibility studies should be conducted at 
selected typical feeders to get an idea of the 
amount of solar that can be added to local 
feeders across Pakistan. Detailed studies should 
be conducted on specific feeders where rooftop 
solar nears the maximum limit. There have been 
examples of several studies conducted across 
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the world that can be made use of. A study 
in Malaysia in specific used the DigSILENT 
Power Factory software to determine the 
maximum PV penetration on an actual grid [54]. 
More advanced studies have also been done 
like the NREL study on 16 US feeders using 
GridLAB-D[13]. 

Introduction of time-of-use pricing 

The utilities must also look into time-of-use 
pricing. With distributed solar, in particular, the 
value of electricity cannot be separated from 
time. As there are so much factors into play now 
with demand-side management, storage and 
EVs adding a further twist to the tale, pricing 
can be experimented with to better utilize the 
available resources. 

•	 On the solar compensation side, more value 
can be provided to times in which the grid 
needs energy the most.  

•	 Tailor-made programs for EVs can be 
introduced for EV owners providing them 
favourable rates to charge and possibly 
discharge when most suitable for the grid.  

•	 Storage can be encouraged by offering 
better compensation rates in the evening 
when the sun is going down in order to 
mitigate the Duck Curve problem. However, 
utilities must be wary of storage on the 
customer end if it gets so cheap. 

•	 Instead of having only “peak” and “off-
peak” times, more time intervals can be 
introduced according to demand-supply 
dynamics.  

•	 In the future, a mechanism closer to real-
time pricing can be introduced to effectivily 
implement demand-side management.   

Storage solutions  
In the future, utilities can employ storage to 
their benefit. As it is getting cheaper, it can 
replace expensive plants needed as backup in 
case of high demand. Storage can be used in 
the following ways:  

•	 It can provide backup power, in which case 
it would be like another supply source in the 
CTBCM. This works ideally with more and 
more renewables getting added to the mix 
and would also provide a buffer against the 
’Duck Curve’ problem.  

•	 It can provide instantaneous grid stability 
in response to fluctuations in power. This 
is also known as ancillary services. In more 

advanced markets these are traded as very 
expensive sources of electricity.  

•	 It can be situated at a smaller scale at 
transformer level in areas where excess 
solar is expected to store it during the 
day and provide it in the evening or night 
time. This can be provided as a service 
to the neighbourhood. This would also 
prevent customers from investing in storage 
themselves that can be detrimental to the 
utilities.  

The examples of utilities working with storage 
mentioned in this report as well as many others 
around the world should inspire utilities into 
employing storage in their mix.  

 Data analytics  

Furthermore, utilities need to take the lead 
in investing into the huge data analytics 
market emerging out of electricity data. With 
minimal investment, real-time data of energy 
consumption of actual households can be 
obtained by the utilities. Information obtained 
from this can be used by utilities in a number of 
ways:  

•	 Energy efficiency programs can be 
introduced to customers to reduce their 
electricity consumption. Research today has 
advanced to a stage where use of individual 
appliances can even be extracted from 
consumption data. If time-of use pricing is 
introduced, this feature would provide a lot 
a value to customers.  

•	 Data from devices on equipments can 
be used to monitor equipment health 
and wear and tear. It can help utilities 
in asset management as in the case of 
Commonwealth Edison mentioned above.  

•	 Faults and demand-supply mismatches 
can be predicted in advance using pattern 
recognition to prevent power outages and 
fluctuations.  

•	 Electricity theft can be detected using data 
analytics, which would be a great plus for 
utilities. However, for that utilities must 
be incentivised to minimize theft on their 
systems, something that is not currently in 
place.  

Incentivizing of clean energy  
Down the road, the government should also 
step in and incentivize distributed solar. This 
should be done to integrate more renewable 
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generation sources into the mix due to the 
appalling environmental condition in Pakistan. 
This can be done in various ways listed below:  

•	 Tax credits can be offered to people who 
partner with utilities to install rooftop solar  

•	 Renewable energy targets can be set for 
utilities in which they would have to procure 
electricity from renewable sources. Failure 
to do so would result in penalties.  

•	 Pilot or demonstration projects can be 
arranged to increase acceptability among 
masses.  

•	 Carbon trading can be made use of at a 
general level in which businesses would 
be allowed a certain amount of emissions 
according to their scope which they could 
trade with other businesses.  

All these recommendations might seem remote 
from how utilities have operated in past but 
reinvention is exactly what is required from 
the part of the utilities. Once utilities start to 

engage with their customers the way telecomm 
companies do today, such innovations would 
not seem far-fetched.  

It must be mentioned here that although a lot 
of these recommendations might seem to have 
a bias towards utilities, that is not the case. 
The purpose of this report is to provide a way 
for the future in which the utilities can coexist 
with the new developments in power sector, 
something that would benefit every stakeholder 
involved. A planned and well-controlled grid 
is in everybody’s favour in the long run. The 
government must also appreciate this and not 
let the utilities fall into a death spiral. If need 
be, it can actually help the utilities cope with 
these disruptions for a certain period of time 
to provide them security and allow them to 
restructure themselves. Once they are on track 
with a viable business model, they should be 
able to sustain themselves and continue to add 
value to the overall scheme of things.  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CONCLUSION 

In conclusion, it must be said that although 
distributed solar is beneficial for the electricity 
sector and the environment, it must be 
approached with care, taking into account 
other countries’ experiences. As rooftop solar 
is starting to pick up pace in Pakistan, now 
is the critical time to plan its growth and to 
shape the business model utilities are going to 
adopt around it. If this is not done now, certain 
issues are bound to appear sooner or later 
that can jeopardize the move towards clean 
renewable energy in Pakistan. In this report 
we have talked about the new innovations in 
the electricity sector that the utilities need to 
consider moving forward as the consumers 
of the past are becoming “prosumers” of the 
future. We have also discussed the benefits and 
challenges of distributed solar in light of other 
countries’ experiences and have proposed 
certain recommendations that can be used to 

guide the policy on distributed solar. 

In a nutshell, utilities’ revenue erosion, unfair 
distribution of fixed costs among non-solar 
customers and grid stability concerns are some 
of the major issues that must be resolved before 
diving head-on into rooftop solar. The utilities, 
on their part, must reinvent to absorb the new 
innovations taking place in the energy sector 
before it is too late. Some kind of rooftop solar 
ownership, utilization of storage and time-of-
use pricing, and offering of customer-oriented 
energy-related services is on the cards for them. 
It is hoped that this report can be beneficial 
in Pakistan’s transition towards the grid of the 
future, in particular rooftop solar. There is no 
doubt that if rooftop solar is intelligently utilized 
and carefully planned for, it can be a win-win for 
Pakistan and all the stakeholders involved. 

8



36

REFERENCES9

[1] “Levelized Cost of Energy 2017.” [Online]. 
Available: https://www.lazard.com/perspective/
levelized-cost-of-energy-2017/

[2] “Global solar PV installations reach 109gw in 
2018 - BNEF.” [Online]. Available: https://www.
pv-tech.org/news/global-solar-pv-installations-
reach-109gw-in-2018-bnef

[3] “Global solar market hit 98.9 GW in 2017 - 
SolarPower Europe.” [Online]. Available: https://
www.pv-tech.org/news/global-solar-market-hit-
98.9-gw-in-2017-solarpower-europe

[4] “Hawaii solar installations see largest gain 
in 5 years, driven by rooftop solar.” [Online]. 
Available: https://www.bizjournals.com/pacific/
news/2018/01/18/hawaii-solar-installations-see-
largest-gain-in-5.html

[5] “Number of Australian homes with rooftop 
solar tops 2 million...and counting.” [Online]. 
Available: https://www.cleanenergycouncil.org.
au/news/number-of-australian-homes-with-
rooftop-solar-tops-2-million-and-counting

[6] “Rooftop solar revolution: giving power to 
the consumer.” [Online]. Available: https://
www.dawn.com/news/1406016/rooftop-solar-
revolution-giving-power-to-the-consumer

[7] “Norwegian EV policy.” [Online]. Available: 
https://elbil.no/english/norwegian-ev-policy/

[8] “India proposes a goal of 15% electric vehicles 
in five years.” [Online]. Available: https://www.
bloomberg.com/news/articles/2018-09-06/
india-proposes-a-goal-of-15-electric-vehicles-
in-five-years

[9] “Faisalabad, Lahore in top 10 of world’s 
most polluted cities list dominated by India.” 
[Online]. Available: https://www.dawn.com/
news/1467997

[10] “Govt should set target of 50% reduction in 
TD losses.” [Online]. Available: https://tribune.
com.pk/story/1898261/2-govt-set-target-50-
reduction-td-losses/

[11] M. Muaafa, I. Adjali, P. Bean, R. Fuentes, S. 
O. Kimbrough, and F. H. Murphy, “Can adoption 
of rooftop solar panels trigger a utility death 
spiral? a tale of two US cities,” Energy research 
& social science, vol. 34, pp. 154–162, 2017.

[12] N. D. Laws, B. P. Epps, S. O. Peterson, M. S. 
Laser, and G. K. Wanjiru, “On the utility death 
spiral and the impact of utility rate structures on 
the adoption of residential solar photovoltaics 
and energy storage,” Applied energy, vol. 185, 
pp. 627–641, 2017.

[13] A. Hoke, R. Butler, J. Hambrick, and B. 
Kroposki, “Maximum photovoltaic penetration 
levels on typical distribution feeders,” National 
Renewable Energy Lab.(NREL), Golden, CO 
(United States), Tech. Rep., 2012.

[14] E. Stewart, J. MacPherson, S. Vasilic, D. 
Nakafuji, and T. Aukai, “Analysis of high-
penetration levels of photovoltaics into the 
distribution grid on Oahu, Hawaii: Detailed 
analysis of HECO Feeder WF1,” National 
Renewable Energy Lab.(NREL), Golden, CO 
(United States), Tech. Rep., 2013.

[15] R. Mack, M. Sakib, and S. Succar, “Impacts 
of substation transformer backfeed at high PV 
penetrations,” in 2017 IEEE Power & Energy 
Society General Meeting. IEEE, 2017, pp. 1–5.

[16] “The Golden State is officially a third 
renewable, and it’s not stopping there.” 
[Online]. Available: https://pv-magazine-usa.
com/2019/02/25/golden-state-is-officially-a-
third-renewable-growth-not-stopping-though/

[20] “Pakistan 7th most vulnerable country 
to climate change, says Germanwatch.” 
[Online]. Available: https://www.dawn.com/
news/1369425  

[21] “Zeitreihen zur Entwicklung der 
erneuerbaren Energien in Deutschland.” 
[Online]. Available: https://www.erneuerbare- 
energien.de/EE/Redaktion/DE/Downloads/
zeitreihen-zur-entwicklung-der-erneuerbaren-



37

e n e r g i e n - i n - d e u t s c h l a n d - 1 9 9 0 - 2 0 1 7 .
pdf?blob=publicationFilev=17

[22] Technology roadmap solar photovoltaic 
energy.” [Online]. Available:https://www.iea.
org/publications/freepublications/publications/
TechnologyRoadmapSolarPhotovoltaicEnergy 
2014edition.pdf.

[23] “How the IEA exaggerates the costs and 
underestimates the growth of solar power.” 
[Online]. Available: https://energypost.eu/iea-
exaggerates-costs-underestimates-growth-
solar-power/

[24] F. Zhang, H. Deng, R. Margolis, and J. Su, 
“Analysis of distributed-generation photovoltaic 
deployment, installation time and cost, market 
barriers, and poli-cies in China,” Energy Policy, 
vol. 81, pp. 43–55, 2015.

[25] “Report: Only a few states didn’t take policy 
actions on distributed solar in 2018.” [Online]. 
Available: https://solarindustrymag.com/report-
only-a-few-states-didnt-take-policy-actions-on-
distributed-solar-in-2018/

[26] “Electricity Feed-in (Renewable Energy 
Premium) Act 2008.” [Online]. Available: https://
www.legislation.act.gov.au/a/2008-21/default.
asp

[27] “80 MW of rooftop solar subscribed in 
Nevada – in slightly more than one year.” 
[Online]. Available: https://pv-magazine-usa.
com/2018/08/07/80-mw-of-rooftop-solar-
subscribed-in-nevada-in-slightly-more-than-
one-year/

[28] “Rooftop solar: Net metering is a net 
benefit.” [Online]. Available: https://www.
brookings.edu/research/rooftop-solar-net-
metering-is-a-net-benefit/

[29] “Electric vehicle battery: Materials, cost, 
lifespan.” [Online]. Available: https://www.
ucsusa.org/clean-vehicles/electric-vehicles/
electric-cars-battery-life-materials-cost

[30] “South Australia’s Tesla battery on track to 
make back a third of cost in a year.” [Online]. 
Available: https://www.theguardian.com/
technology/2018/sep/27/south-australias-tesla-
battery-on-track-to-make-back-a-third-of-cost-
in-a-year

[31] “UAE integrates 648mwh of sodium sulfur 
batteries in one swoop.” [Online]. Available: 
https://www.energy-storage.news/news/uae-
integrates-648mwh-of-sodium-sulfur-batteries-

in-one-swoop

[32] A. Lovins et al., “The economics of grid 
defection,” Washington, DC: Rocky Mountain 
Institute (RMI), 2014.

[33] J. Green and P. Newman, “Citizen utilities: 
The emerging power paradigm,” Energy Policy, 
vol. 105, pp. 283–293, 2017.

[34] “The Death Spiral: Residential solar versus 
the utilities.” [Online]. Available: https://
seekingalpha.com/article/2778945-the-death-
spiral-residential-solar-versus-the-utilities

[35] “Sunverge customer AGL brings online 
world’s largest residential virtual power plant.” 
[Online]. Available: http://www.sunverge.com/
sunverge-customer-agl-brings-online-worlds-
largest-residential-virtual-power-plant/

[36] L. Frantzis, S. Graham, R. Katofsky, and 
H. Sawyer, “Photovoltaics business models,” 
National Renewable Energy Lab.(NREL), 
Golden, CO (United States), Tech. Rep., 2008.

[37] “Evolution of ComEd asset management.” 
[Online]. Available: https://www.tdworld.com/
asset-management-service/evolution-comed-
asset-management

[38] “Hawaiian electric proposes time-of-use 
rates for its customers.” [Online]. Available: 
h t t p s : / / w w w. b i z j o u r n a l s . c o m / p a c i f i c /
news/2015/11/13/hawaiian-electric-proposes-
time-of-use-rates-for.html

[39] “The Dutch government confirms plan to 
ban new petrol and diesel cars by 2030.” [Online]. 
Available: https://electrek.co/2017/10/10/
netherlands-dutch-ban-petrol-diesel-cars-2030-
electric-cars/

[40] MIT. Does Solar + Storage = Grid 2.0. MIT. 
[Online]. Available: https://www.youtube.com/
watch?v=9lGYrEk_PFE

[41] “Pakistan moves to curb urban air pollution 
after high court ruling.” [Online]. Available: 
https://www.reuters.com/article/us-pakistan-
airpollution-court/pakistan-moves-to-curb-
urban-air-pollution-after-high-court-ruling-
idUSKBN1I11B5

[42] “NO2 hotspots.” [Online]. Available: https://
energydesk.carto.com/builder/4c2ece4f-3367-
4432-a418-8ce61ca01801/embed

[43] “3D real-time air pollution map.” [Online]. 
Available: www.airvisual.com/earth

[44] “Can microinverters stabilize Hawaii’s 



38

shaky grid?” [Online]. Available: https://
www.greentechmedia.com/articles/read/
enphase-to-help-hawaii-ride-its-solar-energy-
wavegs.0o9vds

[45] PBS. Debate over solar rates simmers 
in Nevada. PBS NewsHour. [Online]. 
Available: https://www.youtube.com/
watch?v=awKfRBKzhgA

[46] “Warren Buffett: Solar and wind could ‘erode 
the economics of the incumbent utility’.” [Online]. 
Available: https://www.greentechmedia.com/
articles/read/warren-buffett-warns-about-solar-
and-windgs.DkBjxeD8

[47] A. N. (Australia). Rooftop solar power 
causing headaches for energy providers. ABC 
News (Australia. [Online]. Available: https://
www.youtube.com/watch?v=nZ05ZZfVxkEt=13s

[48] “Hawaii regulators shut down HECO’s 
net metering program.” [Online]. Available: 
https://www.greentechmedia.com/articles/
read/hawaii-regulators-shutdown-hecos-net-
metering-programgs.11ucd5

[49] “HECO sees 109 MW of new Hawaii solar in 
2017 (w/chart).” [Online]. Available: https://pv-
magazine-usa.com/2018/01/26/heco-sees-109-
mw-of-new-hawaii-solar-2017/

[50] PBS. Why Hawaii’s solar energy industry 
is at a crossroads? PBS NewsHour. [Online]. 
Available: https://www.youtube.com/
watch?v=o2L8SkeCFtw 

[51] “HECO grid plan could enable 3x as much 
rooftop solar in Hawaii.” [Online]. Available: 
https://pv-magazine-usa.com/2017/07/06/
heco-grid-modernization-plan-could-enable-
3x-as-much-rooftop-solar-in-hawaii/

[52] P. Denholm, M. O’Connell, G. Brinkman, 
and J. Jorgenson, Overgeneration from solar 
energy in California: a field guide to the duck 
chart. National Renewable Energy Laboratory 
Golden, CO, 2015.

[53] “Applying lessons learned from one of 
the biggest blackouts in history.” [Online]. 
Available: https://www.news.gatech.edu/
features/building-power-grid-future

[54] P. Celvakumaran, V. K. Ramachandaramurthy, 
S. Padmanaban, K. Padmanathan, A. Pouryekta, 
and J. Pasupuleti, “Technical constraints of 
integrating net energy metering from the 
Malaysian perspective,” in 2018 IEEE PES 
Asia-Pacific Power and Energy Engineering 
Conference (APPEEC). IEEE, 2018, pp. 757–762.v









Dr. Naveed Arshad
Director, National Center in Big Data and 
Cloud Computing
Founding Member, LUMS Energy Institute
Associate Professor, Department of Computer 
Science, Syed Babar Ali School of Science and 
Engineering, LUMS
DHA, Lahore Cantt. 54792, 
Lahore, Pakistan
Email: naveedarshad@lums.edu.pk
Tel: +92-42-35608190
Cell: +92-300-5551502

Waqas Moosa
CEO, Hadron Solar
326 Johar Avenue, New Campus Road
near Doctors Hospital
Johar Town, Lahore
info@hadronsolar.com
042-35240526

For further details, please contact:


