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Future-Ready Handling 
Breedon Cement’s Alternative Raw Materials (ARM) Project 
showcases next-level sustainability – recycled raw materials, rail-
fed logistics, and a Don Valley Engineering-designed materials 
handling system all working together to streamline and green the 
cement-making process

The development and implementation 
of the Alternative Raw Materials (ARM) 
Project demonstrates Breedon Group’s 

commitment to improving the sustainability 
of their cement production process 
while ensuring compliance with sulphur 
dioxide limits.

The alternative raw materials being used 
by Breedon are pulverized fuel ash (PFA) and 
slate blindings. PFA is the residue left over 
from burning coal to produce electricity and 
is extracted from landfill sites all over the 
country, while slate chippings are discarded 
arisings from the manufacture of roof tiles.

Slate is an essential ingredient for 
the production of cement and is used to 
introduce essential oxides and sulfates into 
the mix. The environmental benefits do not 
end with the use of recycled materials; all 
deliveries of these alternative raw materials 
are by rail, with one delivery being the 
equivalent of up to 55 HGVs by road. This 
was a major consideration when considering 

the location of the cement works within 
the Peak District National Park, the impact 
of the local highway infrastructure and 
emission reduction.

In June 2023, Don Valley Engineering were 
appointed to develop the layout and detailed 
design of the materials handling system for 
the ARM Project at Hope cement works. This 
was followed in May 2024 by the award of a 
contract to supply, install and commission the 
agreed design, marking a significant milestone 
in the delivery of the project.

The engineering challenges associated with 
the project were considerable, particularly 
in relation to plant layout. The site rail 
infrastructure is located some 300m from the 
proposed bulk storage building, requiring the 
materials-handling system to negotiate a wide 
range of design constraints.

Key layout constraints included: the need 
to traverse operational site rail and road 
infrastructure; maintain statutory safety 
distances from a Northern Powergrid 66kV 

substation and an on-site 11kV substation; 
and preserve existing vehicle routes used 
for the delivery of alternative fuels and 
ammonia. In addition, the new system had to 
avoid clashes with the site’s existing material 
sample transport system and contend with 
almost a century of buried services, including 
power, drainage and telecommunications.

Construction presented its own 
challenges. Site constraints dictated crane 
size and positioning, while access for road 
deliveries of alternative fuels and ammonia 
had to be maintained throughout the works. 
The impact on day-to-day cement operations 
was minimized by carefully scheduling 
plant shutdowns to align with planned 
maintenance activities, alongside the added 
complexity of working in and around live 
rail infrastructure.

These challenges were successfully 
addressed through close collaboration 
between all stakeholders involved in 
the project. 

Overview of Breedon Group’s ARM Project at Hope cement works in Derbyshire
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Engineering complex materials 
handling
Beyond layout and construction, the 
engineering team at Don Valley were tasked 
with designing conveyors, transfer chutes, 
hoppers, bunkers, feeders, and a blending 
system capable of handling two bulk materials 
with markedly different physical properties.

PFA, a fine and dry powder in its original 
form, behaves more like sticky sand once 
reclaimed, retaining moisture and exhibiting 
abrasive characteristics. PFA can have a bulk 
density as low as 900kg/m3. By contrast, 
slate is a coarse, sharp-edged material that 
can form agglomerated lumps due to the 
presence of sticky fines. It is highly abrasive 
and presents a risk of impact damage, with 
bulk densities of up to 1,570kg/m3.

Throughout the design process, reference 
was made to the ‘material flow property’ 
data produced by the Wolfson Centre at the 
University of Greenwich. This established 
performance ranges for particle size 
distribution, angle of repose, bulk density, 
flow properties across varying moisture 
contents, and wall friction. The analysis also 
confirmed that PFA is likely to bridge across 
openings smaller than 800mm – a critical 
factor in the final equipment design.

The cohesive properties of both PFA and 
slate material focused the design effort on 
optimizing chute and hopper geometry 
and selecting an appropriate liner material. 
To better understand the flow behaviour, 
representative material samples were 
requested and assessed.

A report from Wolfson Centre for Bulk 
Solids Handling Technology found that 
improved material flow performance could be 
achieved using 3CR12 stainless steel with a 2D 
surface finish. However, this finish designation 
applies only to cold-drawn material, which is 
commercially available in thicknesses of up 
to 4mm.

To ensure sufficient impact resistance in 
the chutes and hoppers, the structures were 
fabricated from externally stiffened 8mm mild 
steel plate, lined with 8mm 3CR12 stainless 
steel. As 8mm 3CR12 is a hot-drawn product 
without the 2D surface finish designation, the 
material was polished to achieve comparable 
flow characteristics. 

To verify performance, samples of the liner 

material were obtained and subjected to 
rudimentary flow testing, providing confidence 
in the final material selection. Testing showed 
that, in its as-received state, the material slid 
from the plate at an inclination of 50° and rising 
to 60° when wetted.

Breedon brief
According to Breedon Cement, the mechanical 
handling system had to transfer material from 
the rail unloading area to a new bulk storage 
shed approximately 300m away, without 
affecting existing site infrastructure, at a 
throughput rate of 370m3/h.

The bulk storage shed is designed to hold 
4,000 tonnes of PFA and 2,000 tonnes of slate. 
A roof-mounted shuttle conveyor creates and 
maintains two distinct stockpiles, ensuring no 
risk of cross-contamination.

Material reclaim would be undertaken by 
a loading shovel into two dedicated buffer 
hoppers – one for PFA and one for slate. Each 
hopper must provide approximately 1h of buffer 
storage, allowing for operator shift changes 
and routine breaks. Each hopper is equipped 
with extraction systems capable of delivering 
variable feed rates of 25–85 tonnes/h for PFA 
and 5–20 tonnes/h for slate. 

Appropriate field instrumentation must 

also be installed to enable control of the PFA-
to-slate ratio via the plant control system. Belt 
conveyors should collect the blended material 
and transfer it from the bulk storage shed to a 
new structure located above the existing plant 
feed conveyors, which run through a tunnel 
beneath the current stone shed.

Within this structure – known as the 
Blended Hopper House – the blended material 
stream will be split to supply two existing belt 
conveyors via new belt feeders positioned 
above each conveyor, operating at feed rates 
of 5–50 tonnes/h.

Breedon also purchased a high-
performance, fully electric Sennebogen 835 
E material handler, equipped with a 3m3 grab, 
to unload box-type rail wagons at a maximum 
rate of 370m3/h – equivalent to around two 
grabs per minute.

Don Valley Engineering successfully 
delivered the ARM Project’s materials 
handling package, undertaking the design, 
supply, installation and commissioning of the 
scheme’s fixed plant, comprising:
Rail unloading

•	 Rail unloading hopper
•	 Belt feeder (FD01)
•	 Belt conveyor (CV01)
•	 Shuttle conveyor (CV02)

Material reclaim and blending
•	 PFA hopper and screw feeder (FD02)
•	 Slate hopper and vibrating tray feeders 

(FD03)
•	 Reclaim conveyors (CV10 and CV11)
•	 Blended Hopper House and blended 

product hopper
•	 Belt feeders (FD04 and FD05)

Electrical installation
•	 Containment systems, power and control 

field cabling, and lighting
Additional project elements delivered by 
other contractors included:

•	 CDM management
•	 Civil engineering works
•	 Motor control centre
•	 PLC and control software
•	 Rail reception and bulk storage shed 

steelwork and cladding
•	 Modifications to the rail infrastructure.➤

PFA sample Slate sample

Rail unloading hopper
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Full-scope materials handling 
solution
To meet the project brief, the rail unloading 
system has been designed to achieve a 
throughput of 370m3/h. Due to variations in 
bulk density, the gravimetric feed rate ranges 
from 333 to 580 tonnes/h.

Material from the Sennebogen 835 E 
machine is discharged into a 12.5m3 hopper, 
equipped with an oversize protection grid 
and ‘greedy boards.’ At maximum unloading 
rates, this provides a working buffer of 
around two minutes. The hopper is 800mm 
wide at the base and fitted with a bin vibrator 
to prevent bridging, ensuring reliable 
material flow.

To optimize the hopper’s working 
capacity and reduce the required height of 
the Sennebogen, a feeder was designed long 
enough to transfer material from the hopper 
to the transfer conveyor (CV01). This resulted 
in a 58m long belt feeder (FD01), also referred 
to as a ‘drag-out’ conveyor.

FD01 is a constant-volume feeder: the 
hopper exit has fixed dimensions, and the 
belt moves at a constant speed to deliver a 
set volume of material. By adjusting the belt 
speed, feed rates can be configured up to 
370m3/h (580 tonnes/h).

The routing of transfer conveyor CV01 
presented many significant challenges:

1.	 Traversing operational rail and road 
infrastructure on site.

2.	 Maintaining safe distances from the 
Northern Powergrid 66kV substation 
and 11kV site substation.

3.	 Preserving existing vehicle routes 
for deliveries of alternative fuels and 
ammonia.

4.	 Avoiding interference with the site’s 
material sample transport system.

5.	 Navigating nearly 100 years of buried 
services, including power, drainage, and 
telecoms.

6.	 Site constraints limiting crane size and 
positioning.

7.	 Ensuring continued access for fuel and 
ammonia deliveries.

8.	 Minimizing operational disruption by 
aligning plant shutdowns with Breedon’s 
planned maintenance.

9.	 Working safely around live rail 
infrastructure.

Working hand in hand with the Breedon 
project and site operational teams, Don Valley 
Engineering expertly navigated these 
challenges, delivering a seamless solution on 
time and to spec. Around 300m of elevated 
conveyor gantry was installed without major 
disruption to daily operations and without 
requiring any production shutdowns.

Trestle bases were strategically positioned 
to minimize interference with buried services, 
resulting in gantry spans of up to 40m. These 
long sections created transport challenges 
along minor National Park roads, which were 
addressed by delivering gantry structures 
‘flat packed’ and assembling them on site in a 
dedicated area. On installation days, sections 
were then moved from the assembly area and 
lifted into position according to a carefully 
coordinated plan.

Space constraints on the site meant that 
large cranes had to perform multiple lifts 
from single positions. Each lift was carefully 
planned to minimize road closures while 
maintaining safe standoff distances from 

high-voltage electrical infrastructure.
The final stage of the rail unloading system 

is a 34m long shuttle conveyor (designated 
CV02). Suspended from rails in the roof 
of the bulk storage shed, CV02 can create 
separate stockpiles of PFA and slate. As it 
discharges material, the conveyor indexes 
along the shed to form a 4,000-tonne PFA pile 
or, in the  opposite direction, a 2,000-tonne 
slate pile.

To simplify maintenance of the hard-to-
access shuttle drive and reduce the footprint 
of the equipment, a Rulmeca motorized drum 
was chosen to power the CV02 belt, providing 
a compact, low-maintenance solution.

Material reclamation and blending
At the heart of the new plant is the equipment 
responsible for producing a precise blend 
of PFA and slate, tailored to the chemical 
requirements for cement production. Material 
is reclaimed from ground stock and loaded 
into separate buffer hoppers by a loading 
shovel. Each hopper provides roughly one 
hour of buffer storage, allowing operators 
to change shifts or take breaks without 
disrupting the process.

During the early design stage, both the 
PFA and slate hoppers were initially planned 
to discharge via belt feeders. However, the 
need for precise turn-down control and a 
minimum 800mm hopper opening to prevent 
bridging prompted Don Valley Engineering 
to explore alternative solutions. Specialist 
feeders were ultimately specified to meet the 
demanding requirements.

For PFA, discharge rates of 25–85 tonnes/h 
are achieved using a twin-screw feeder 
designed and manufactured by Spirotech 
Group. For slate, discharge rates of 
5–20 tonnes/h are handled by vibrating tray 
feeders with electromagnetic drives supplied 
by Skako A/S.

Hopper geometry played a critical role in 
these selections. The PFA hopper’s 800mm 
opening dictated the twin-screw design, while 
the slate hopper’s width – sufficient to accept 

Gantry sections being assembled in the laydown area

FD01 58m long ‘drag-out’ conveyor
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shovel loads while accurately metering small 
feed rates – led to the choice of two small tray 
feeders operated in tandem.

Taking material cohesiveness into account, 
the Wolfson Centre reviewed the hopper 
designs. Design compromises were made due 
to space constraints: the PFA hopper achieves 

The CV01 transfer conveyor handling 370m3/h of 
pulverized fuel ash

Reclaim conveyor (CV11) with the Blended Hopper 
House in the distance

mass flow through the screw feeder’s variable 
pitch, while the slate hopper achieves mass 
flow through its geometry. Both hoppers are 
fitted with vibrator motors as a precaution to 
prevent bridging and ensure consistent flow.

Once the required feed rates for PFA and 
slate are entered into the plant control system 
(PCS), the feeders are started. Feed rates are 
monitored via belt weighers installed on 
reclaim conveyor CV10, positioned beneath 
the two hoppers, and are automatically 
modulated to achieve the correct blend.

CV10 transfers the blended material to 
CV11, a further conveyor, which elevates it 
to the Blended Hopper House (BHH) located 
above the reclaimed stone conveyors of the 
existing plant. Inside the BHH, an enlarged 
bifurcated chute acts as a small buffer, 
maintaining a choked feed on to belt feeders 
FD04 and FD05. An electric actuator tilts a 
bucket within the hopper to keep the feed 
consistently choked above each feeder.   

FD04 and FD05 discharge material onto 
existing conveyors CV14 and CV15. Each feeder 
can operate at different rates simultaneously 
or at the same rate, ranging from 15 to 
50 tonnes/h. Feed rates are continuously 
monitored via belt weighers installed on CV14 
and CV15, with the PCS adjusting production 
to match consumption. Minor fluctuations are 
absorbed by the buffer hopper.

The BHH was constructed over an existing 
maintenance pit, providing convenient access 
to the conveyors and delivering capital savings 

compared with the original design, which 
called for an open cut and backfill extension. 
To address restricted pit access, Don Valley 
Engineering designed the buffer hopper 
and belt feeders on rails, allowing each unit 
to be wheeled aside to reinstate full access 
when needed.	 QM


