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This challenge for the 2018 MIT Energy Hackathon was developed by Anthony Ku of NICE. 
     

Reimagine an industrial process for improved demand response  
for an electric grid with 100% renewable energy generation  

 
 
The Challenge:  
 
Select an industrial process and re-imagine it for improved demand response for an electricity 
grid powered by 100% renewable energy. Perform a preliminary technical feasibility and 
business case analysis to illustrate the potential economic value of the reimagined process. 
 
 
About this challenge: 
 
A key challenge for electric grids powered primarily by variable renewable energy (VRE) 
sources, such as wind and solar, is dispatchability. Namely, power generation must continually 
match demand in order to keep the grid stable. At high levels of VRE penetration, this means 
some combination of dispatchable power generation, energy storage, and demand response (DR). 
 
Demand response can be driven by variable rate pricing, which provides an economic incentive 
to shift electrical load to periods that align better with generation. DR programs have been 
successfully implemented in residential, commercial, and industrial settings, and the 
development of new capabilities for DR is an active area of research and commercial interest. 
 
As renewable penetration on electric grids increases, there will be increasing interest in industrial 
DR options due to their scale and potential to shift significant loads. Successful examples of 
industrial DR include load-shedding in aluminum smelting (electrolysis operations) and 
scheduling flexibility in non-continuous processes associated with cement production. However, 
not all existing industrial processes will be amenable in their current form for DR. Existing 
industrial processes have been optimized (sometimes over decades) to maximize profitability 
under grids with dispatchable power. The introduction of variable rate pricing, and value 
opportunities associated with storing energy as part of the industrial process can drive new 
designs for existing processes.  
 
This challenge invites you to revisit some of the fundamental assumptions concerning energy-
intensive industrial processes to see if you can identify new options for DR in industrial 
processes. 
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You may choose to follow the guidelines below: 
- Choose an industrial process. 
 Technical process description (ideally a flowsheet) 
- Re-imagine it in a way that adds a demand response (DR) capability to its operation. 
 Conceptual description of the demand response function(s) 
 Differentiation … how is your approach different from what others have done? 
- Perform a preliminary analysis of its technical feasibility. 
 Mass and energy balances 
 Supporting calculations on the DR potential 
- Develop an initial business case. 

Value proposition … how would you make money? 
 Scalability … how big is the opportunity? 
- Identify the major technical risks. 
 What are the unknowns that require more effort to address? 

What could go wrong in your concept? 
What do you need to do to prove the concept is workable and cost-competitive? 

 
- Prepare a written summary of your progress which includes the following sections: 

Concept 
   … general description of the process and its specific DR function(s) 
   …  
Technical feasibility 
   … calculations related to technical performance of the process and its specific DR  
        function 
   … estimate (can be order of magnitude) of new process costs vs value of DR service 
   … major technical risks and unknowns 
Commercial plan 
   … value proposition 
   … market size 

 
Attention to the following criteria would make your presentation more compelling:  
1. Originality of the concept  
2. Magnitude and flexibility of the DR response potential  
3. Technical viability 
4. Quality of risk assessment 
5. Strength of the business case  
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Background: 
 
On September 10, 2018, California Governor Brown signed into law SB100, setting a target of 
100% zero-carbon electricity by 2045. This is the latest in a series of announcements signaling 
the intention to increase generation from renewable energy sources such as wind and solar 
power. While wind and solar power have significantly lower carbon footprints and their costs 
continue to decline, high levels of variable renewables penetration on the grid can challenge the 
stability of the grid and its ability to deliver reliable electricity. The services that are used by grid 
operators, and an overview of their physical requirements, are summarized in Table 1.   
 
Table 1. Summary of grid services and physical requirements [Dunn, 2016] 
 

Service Physical requirements 

Type Description 
How fast 

to 
respond 

Length of 
response 

Time to 
fully 

respond 

How often 
called 

Regulation 
Response to random 

unscheduled deviations in 
scheduled net load 

(bidirectional) 

30 
seconds 

Energy 
neutral in 
15 min 

5 min 
Continuous 

within 
specified bid 

period 

Flexibility 
Additional load-following 

reserve for large un-
forecasted wind/solar 
ramps (bidirectional) 

5 min 1 hour 20 min 
Continuous 

within 
specified bid 

period 

Contingency Rapid and immediate 
response to a loss in supply 1 min < 30 min < 10 min < Once per 

day 

Energy Shed or shift energy 
consumption over time 5 min > 1 hour 10 min 

1-2 times per 
day with 4-8 

hour 
notification 

Capacity Ability to serve as an 
alternative to generation 

Top 20 hours coincident with balancing authority area 
system peak 

 
 
These services can be provided in a number of ways [Lund, 2015]. Dispatchable power 
generation, sources that can adjust their electricity production rates on demand such as natural 
gas or hydroelectric power plants, can be used to provide many of these services. However, 
increasing share of wind and solar generation can displace these sources. Energy storage, in the 
form of batteries, pumped hydro reserves or other systems, can also provide many of these 
services. The current challenge is reducing the cost of these options. Demand response offers a 
third set of options. With adequate price signals, end-users can participate in these markets by 
increasing or reducing their electricity demand. DR programs have been successfully 
implemented in residential, commercial, and industrial settings. The focus of this Challenge is 
new industrial DR options. 
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Figure 1 shows ways to support grid stability through demand response (DR).  Options are 
broadly characterized as dispatchable and non-dispatchable. Dispatchable services include 
processes than can be ramped up and down (or even turned off) in response to the state of the 
grid. An example of this is a chlor-alkali process that uses electricity for electrolysis [Shoreh, 
2016]. The fast response of the process allows it to be used to reduce load during periods of low 
generation and increase load to utilize electricity when supply is ample.  
 
 

 
 
Figure 1.  Overview of demand response options [Mitra, 2012] 
 

 
Ancillary services refer to applications that can be tuned in part to respond to the grid. Spinning 
reserves, in the form of natural gas turbines, and non-spinning reserves, in the form of batteries, 
can be ramped up within minutes to meet changes in generation or demand. Spinning reserves 
also have the potential to assist in frequency regulation due to their physical inertia. Aluminum 
smelting is an ancillary service because the electrical demand for electrolysis can be tuned up 
and down. The electrical inputs can be varied over the time scale of up to about four hours due to 
the thermal mass of the systems [Shoreh, 2016]. In other words, since the pot of molten material 
is so big and cools relatively slowly, you can ramp down electrical inputs to play in the 
electricity markets for a short time before needing to turn the electricity back on to keep the 
process going. 
 
Non-dispatchable DR options have natural schedules for their operations, but can be adjusted 
either in a planned manner (time-of-use), or in response to market pricing signals (real-time 
pricing). Examples of these include air separation, cement grinders, and pulp and paper. Here, 
intermediate storage tanks provide a buffer of product to allow you some flexibility to turn off 
parts of the system. 
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Table 2 shows some further examples of different resources from the residential, commercial and 
industrial sectors and how they might participate in the various services listed in Table 1.  
 
 
Table 2. Grid services that might be provided by resources [Dunn, 2016]. 
 

 
 
 
Your idea can involve taking a steady-state energy-intensive process and trying to make it a 
dynamic process able to work with flexible energy input. For example, you could invent or 
modify a water treatment/desalination system that works preferentially when electricity demand 
is low (see example below). Or you could develop a recycling process for the recycling of waste 
electronics. A different approach might be to develop or modify an existing process so that it can 
switch between two outputs depending on the state of the grid. Your concept is limited only by 
your team’s imagination (and the laws of physics.) 
 
Example 
 
What if you could take a reverse osmosis (RO) system for water desalination, and only operate it 
when electricity rates are low. Since electricity is a major driver for the cost of water from RO, 
the extra capital might be offset by the lower operating costs. (You could do a simple calculation 
to estimate break-even points for different rates of electricity.) This could give you the ability to 
provide a load-shedding capability that could be marketed to the grid. If you did this, what kind 
of problems (e.g. fouling) might you need to overcome to make sure the RO system can handle 
cycling? How would oversizing the system and paying for storage tanks for the water impact the 
economics of the process? At what would revenue from DR services pay for the extra costs for 
the modified desalination process. 
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